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A B ST R A C T
The thesis reports the reduction and analysis results of Very Large Array snapshot 
observations of 281 radio sources associated with quasars at intermediate redshift. 
The sample includes all of the candidates for the complete samples discussed by Wills 
and Lynds (1978). Data were obtained at 6 cm in the C array for 281 sources, 
and 192 of these sources were also observed in the A array. The data were edited 
and calibrated at the VLA site. Subsequent mapping and analysis were done at the 
UNLV Cray Y-MP supercomputer center. The routine reduction included two passes 
of phase self-calibration, sometimes followed by one pass of amplitude and phase self­
calibration. All the maps have been made with image size of 512x512 or 1024x1024. 
The C array maps usually have 1.3 arcsec cell sizes, with 0.2 to 0.4 m Jy/Beam  r.m.s. 
noise and dynamic ranges of a few thousand. The A array maps have 0.1 arcsec cell 
sizes and 0.1 to 0.2 mJy/Beam r.m.s. noise. Measurements were done on radio source 
positions and flux densities. Contour maps were plotted for sources with significant 
structure.
The radial distribution of serendipitous sources in the quasar fields observed in the 
VLA C array at 6 cm was studied and a statistically significant excess of serendipitous 
radio sources was found within 2 arcmin of the quasars. These serendipitous sources 
generally have flux density ranging from 5 mJy and 50 mJy and could be radio galaxies 
at the quasar redshifts. The excess might arise from clusters of galaxies associated 
with the quasars.
Using the high resolution and high dynamic range maps, several existing hy­
potheses about distorted radio-loud quasars were examined. We found tha t among 
192 sources observed in the A array, at least 70 are triples. About half of these triples 
have bending angle 6 > 10°, 14 have radio axes which are bent more than 20° and 
5 are bent more than 40°. The conclusion is that these large distortions might arise 
from multiple mechanisms.
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C h ap ter 1 
In trod u ction
1.1 P revious Work
Study of radio-loud quasars (defined as radio detectable quasistellar objects) are of 
great significance in that it may help understand radio properties of quasars and 
interactions between quasars and their environment. Combined with the studies 
from other wave bands such as infrared, optical, ultraviolet and X-ray, the overall 
properties of quasars may be synthesized and the quasar phenomenon may be better 
understood.
The possibility that quasars may occur as members of rich clusters of galaxies has 
important implications for studies of galaxy and cluster evolution. If this membership 
exists, optical observations can be used to identify quasar-associated rich cluster of 
galaxies.
Many efforts have been made in order to search for quasar-cluster associations. 
Associations have been reported and studied between low-z, intermediate-z, and high- 
z quasars and groups or clusters of galaxies (French and Gunn 1983; Tyson 1986; 
Hintzen, Romanishin and Valdes 1991). Tyson (1986) reported a statistically signif­
icant excess of galaxies within 30 arcsec of the quasars with 0.9 < z < 1.5 from his 
optical survey. He analyzed two possible explanations for the excess galaxies. One is 
that the excess galaxies are foreground galaxies correlated with the quasar positions 
through “gravitational lensing” . Another explanation is that they are overluminous 
galaxies physically associated with the quasars. He suggested that the most likely ex­
planation is the latter. Hintzen, Romanishin, and Valdes (1991) found excess galaxies 
similar to Tyson’s result.
Galaxy counting is one way to study the quasar-cluster associations. Another way
2
is to study quasar radio morphology. Radio galaxies showing head-tail or wide-angle- 
tail distortions in their radio morphologies are often found within rich clusters and 
these distortions are caused by interactions with dense intracluster media (ICM). By 
analogy, Hintzen and Scott (1978) suggested that quasars possessing similar distor­
tions in their radio morphologies are also associated with rich clusters of galaxies.
In order to identify objects showing distortions in their radio maps, Hintzen, U1- 
vestad and Owen (1983, hereafter HUO) undertook Very Large Array (VLA) “snap­
shot” observation in the A array at 20 cm for 117 radio-loud quasars. Their data 
demonstrated that at least two types of distorted sources were present in the sample. 
One type was the so-called “boomerang” radio morphology, i.e., fairly normal triples 
but with bent radio axes. The other type of distorted quasars had curved bridges ly­
ing between the central and outer radio components resembling some distorted radio 
galaxies within rich clusters of galaxies. Their subsequent optical observations showed 
that excess galaxy densities within 30 arcsec of 6 low-redshift distorted quasars were 
on average 3 times as great as those around undistorted quasars (Hintzen 1984). 
At least one of the distorted quasars observed, 3C275.1, apparently lies in the first- 
ranked galaxy at the center of a rich cluster of galaxies (Hintzen and Romanishin,
1986). Since their sample of distorted quasars was relatively small, it was not evident 
whether both of the distorted types observed were related to cluster membership, 
but their results did indicate tha t observations of distorted quasars could be used to 
identify clusters of galaxies at very large redshifts.
There have been many debates and various hypotheses about quasar distorted 
morphology. ThelSM /IG M  (Interstellar/Intergalactic) transition bending hypothesis 
was originally developed by Jones and Owen (1979) to explain the head-tail radio 
morphology of NGC1265. They suggested that the distortion occurred within the ISM 
of the parent galaxy. The ejected material from the galactic nucleus was deflected by 
the transverse pressure gradient of the ISM induced by the galactic motion through a 
dense intergalactic medium. Since Jones and Owen were dealing with radio galaxies 
in clusters, the IGM is essentially a synonym of ICM. Since the estimated radius
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of the ISM region was only about 10 kpc (1.3 arcsec at z =  0.5, assuming Hq = 
50km s~1Mpc~1), it would be very difficult to test this hypothesis directly.
Based on detailed analysis of four strongly bent (with bending angles 20° < 9 < 
40°) radio-loud quasars, Stocke, Burns and Christiansen (1985, hereafter SBC, and 
references therein) proposed an inelastic collision model to explain the abrupt dis­
tortions appearing in these sources (called “dogleg” morphology by SBC). They sug­
gested that the abrupt distortion was caused by an inelastic collision between one 
radio lobe and a nearby gaseous galactic halo. They argued that the presence of 
a nearby galaxy does not imply the presence of a dense ICM; therefore they con­
cluded that distorted quasars cannot necessarily be used to find distant rich clusters 
of galaxies.
Both HUO and SBC analyzed the possibility that “boomerang” radio morphology 
might simply arise from noncollinear ejections. This hypothesis suggested that the 
noncollinearity of radio sources originated from some intrinsic asymmetry within the 
active nucleus itself. One version of this type of model is “apparent bending resulting 
from the precession of the nucleus” (SBC, and references therein). Under very strict 
conditions, such as every ejection period was very short (condition 1), and the interval 
between two ejections was relatively long (condition 2) compared with the precession 
rate of the nucleus, the noncollinear ejections could produce a typical “boomerang” 
radio morphology. Otherwise, if condition 1 did not hold, an “S” shaped morphology 
would result; or if condition 2 did not hold, bent radio structure might not result.
1.2 P urpose
The original purpose of the observations in 1985 was to increase the available sample of 
distorted quasars to allow optical detection of a significant sample of quasar-associated 
clusters of galaxies at large redshift, and also, to examine various existing hypotheses 
for distorted quasars.
By observing a large sample, we may verify the various results of HUO about cor­
relations among the bending angles, relative physical sizes, and redshifts of distorted
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quasars. By investigating the correlation between bending angle and relative physical 
size, it is possible to test noncollinear ejection hypothesis; large bending (8 > 20°) 
should likely occur for both small and large sources.
In order to test the inelastic collision hypothesis, high resolution and high dynamic 
range maps are needed for observing the details of the bending, for example, any 
narrow bridges connecting the central component and the outer lobe. If the bending 
commonly appears to be very abrupt, as “dogleg” quasars identified by SBC, the 
inelastic collision distortion mechanism may be working. Otherwise, if high resolution 
maps shows the bending is generally smooth and continuous, the ICM distortion 
mechanism may dominate.
Because the C array maps cover a large field of view (~  11x11 square arcmin), 
serendipitous radio sources are frequently encountered. We want to study the radial 
distribution of these serendipitous sources occurring in the quasar fields. If there is 
an excess near the quasars, we may be detecting radio galaxies which are members 
of rich clusters surrounding the quasars. Combined with the discovery from previous 
optical galaxy counts, quasar-cluster associations will be further confirmed, and op­
tical observations of the quasars with nearby radio sources may be used to identify 
rich clusters of galaxies.
1.3 Sam ple and O bservations
In order to have access to complete samples, the sample includes all the candidates 
for the complete samples of radio-loud quasars discussed by Wills and Lynds (1978). 
These complete samples were selected from the 4C (178 MHz) and Parkes (2700 MHz) 
surveys. Wills and Lynds compiled their complete samples from six initial complete 
samples. The criteria defining these initial complete samples included limits on right 
ascension, declination, and flux densities at 178 MHz and 2700 MHz, as the following:
• complete sample 1: RA: 08h to 11 h, Dec: +04° to +20° and RA: l lh  to 14li, 
Dec: +10° to +20°. Flux Density > 2.0 Jv at 178 MHz.
• complete sample 2: extension of complete sample 1 in additional areas.
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• complete sample 3: RA: 03h30m to 23h30m, Dec: +04° to +20°. Flux density 
>3.0 Jy at 178 MHz.
• complete sample 4: RA: all, Dec: -04° to +04°. Flux density >3.0 Jy at 178 
MHz.
• complete sample 5: RA: all, Dec: -04° to +04°. Flux Density >0.35 Jy at 2700 
MHz.
• complete sample 6: in five areas surveyed by Bolton and Wall (1970). Flux 
density > 0.08 Jy aA 2700 MHz.
Wills and Lynds also required a minimum flux density at 2500 Angstroms, i.e., 
l°9 f  1 > -30.34.a  J 2500>1 -
The redshifts of the 192 sources in the resultant combined sample range from
0.104 to 2.877 with great majority between 0.5 and 1.5.
The VLA “snapshot” observations were made for the 192 sources in the A array 
at 6 cm on January 2, 1985. The observations were made at A = 6 cm since the A 
array has higher resolution at 6 cm than at 20 cm observed by HUO.
In order to obtain large scale information, VLA “snapshots” in the C array at 6 cm 
were also obtained for the 192 sources. Eighty-nine additional sources were observed 
in the C array because extra observation time was available. These additional sources 
were selected from previously unmapped 4C, Molonglo, Parkes, and B2 quasars in the 
Hewitt and Burbidge (1980) catalog and are accessible to VLA (Dec > -35°).
1.4 O rganization o f th e  T hesis
In Chapter 2, the general and radio properties of quasars are reviewed. Several 
existing hypotheses about distorted radio source morphologies (mainly head-tail and 
wide-angle-tail) are also briefly discussed.
Chapter 3 presents the principles of map-making with a discussion of interfer- 
ometry, “dirty” maps, “clean” maps, and self-calibration. Some basic considerations 
about choosing the AIPS (Astronomical Image Processing System) tasks and setting
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various parameters are presented. The resolution, sensitivity, and field of view are 
also considered especially for our data sets.
Chapter 4, “A Workable Map-Making Procedure” provides many details about 
setting parameters for various AIPS tasks and descriptions of AIPS-TV display op­
erations.
Chapter 5 presents the results of data reduction, including measurements of radio 
source positions and flux densities for both A array and C array data, and measure­
ments of bending angles and largest angular sizes for the A array triple sources. At 
the end of this chapter, a note about the sources is given.
Chapter 6 presents the analysis of the radial distribution of serendipitous radio 
sources in the quasar fields observed in the C array.
Chapter 7 discusses triple quasar morphology and distortion mechanisms following 
the analyses of a) bending angle distribution for triple sources; b) correlation between 
bending angle and redshift; c) correlation between bending angle and relative physical 
size.
Appendix A is a list of all sources sorted according to the RA (Right Ascension). 
The first two columns contain the tape sequence numbers and the names of the sources 
observed in the C array. The tape sequence number denotes the order of the data sets 
being read from and written onto the tapes. The third column lists the tape sequence 
numbers of the sources observed in the A array. The source name is omitted if it is 
the same as the column 2.
Appendix B lists all sources sorted according to the tape sequence number in C 
array. The meaning of each column is the same as Appendix A.
Appendix C describes the use of tapes, including three UNIX tape control com­
mands ( “tcopy” , “dd” , and “m t”) and three AIPS tasks (“uvlod” , “imlod” , and 
“fittp”).
Appendix D is the “Sun AIPS Installation Manual” . Installation of the Sun version 
of AIPS was completed in fall, 1991. It proved to be very helpful in that it provided a 
working environment for me to become familiar with AIPS and UNIX before the full
operation of the Cray version of AIPS in the spring of 1992. More important, it offered 
a comparison to the Cray version of AIPS so that the results could be cross-checked 
and discrepancies could be noted. It indeed helped the correct implementation of the 
Cray version of AIPS.
Appendix E gives all the contour maps (sorted in right ascension order) mentioned 
in Chapter 7.
C h ap ter 2 
T h e R adio-L oud  Q uasars
2.1 G eneral P rop erties of Quasars
In order to avoid confusion, we use the following definitions. Quasars are star-like 
objects with or without extended nebulosities around the central nuclei, having op­
tical luminosities 100 to 1000 times those of normal galaxies. Radio-loud quasars 
are quasars detectable by present radio telescopes. Radio-quiet quasars are quasars 
undetectable by present radio telescopes.
Quasars can be observed at large redshifts because of their huge luminosities. The 
redshifts range roughly from 0.1 to 4.73, corresponding to speeds that are significant 
fractions of the speed of light (from 0.1c to 0.94c). If these redshifts are cosmological,
i.e., the quasars obey Hubble’s relation between distance and velocity, just as galaxies 
do, then quasars are the most distant and the most luminous objects known, moving 
away from us with the expansion of the universe. For example, 3C273’s redshift of
0.16, if due to the expansion of the universe, implies a distance of 1 billion pc, if 
Ho =  50km  s-1 Mpc~l . At this distance, 3C273 emits 104Terg s -1 optical luminosity, 
which is about 1014 solar luminosities. This light left 3C273 about 3 billion years ago.
The assumption that the redshifts of quasars are cosmological leads to the conclu­
sion that quasars must have extraordinarily high luminosities. Spectroscopic studies 
indicate that these luminosities arise from volumes no larger than the nuclei of nor­
mal galaxies (Weedman 1986, p .165). The luminosities of normal galaxies arise from 
nuclear fusion energy of large numbers of stars. The huge luminosities of quasars, 
however, seem to be very difficult to explain in the same way. Nuclear fusion is not 
efficient enough to account for the high luminosity. This suggests that quasars may 
contain central engines powered by something other than nuclear fusion. Because the
9
physics of such central engine is not clear, there has been the controversy about the 
nature of the quasar redshift.
The differences between quasars and normal galaxies are (Snow 1991, p.659): a) 
quasars appear as star-like objects (with or without fuzz), while normal galaxies 
are either spirals, or ellipticals, or irregulars; b) quasars have optical luminosities 
100 to 1000 times those of normal galaxies; c) quasar spectra are dominated by 
broad emission lines (> lOOOftm s -1 ) which is an indication of dramatically violent 
processes which must have affected the gas in quasars. This is very unusual in normal 
galaxies. For normal galaxies, only absorption lines and probably narrow emission 
lines would be expected in their spectra. Normal galaxies show little activity beyond 
what might be expected for a collection of stars and gas; d) quasars have non-thermal 
continuous spectra which indicate the existence of particles moving at relativistic 
velocities. Normal galaxy continua can be explained by thermal radiation.
While they are very different from normal galaxies, quasars with z <  0.5 in recent 
years are found to be highly luminous nuclei of large galaxies (Miller 1984, Hutchings
1987), similar to active galactic nuclei. This fact supports the cosmological interpre­
tation of quasar redshifts.
The basic difference between quasars and active galaxies is that quasars are more 
luminous than active galaxies. The similarities between quasars and active galaxies 
are: a) all have very luminous cores; b) many are variable in luminosity; c) both 
quasars and Seyfert galaxies have spectra dominated by broad emission lines, and 
non-thermal continua; d) both the parent galaxies of radio-quiet quasars and Seyfert 
galaxies are spirals; e) both the parent galaxies of radio-loud quasars and radio galax­
ies are ellipticals. Their radio morphologies and spectra are very similar; f) a large 
fraction (~  40%-75%) of low-redshift quasars and active galaxies appear to be dis­
turbed by interaction with a smaller companion galaxy (Carlberg 1990). This suggests 
that the activities seen in quasars and active galaxies may be related to the inter­
actions (Hutchings 1987); g) they may be powered by a similar central engine, for 
example, a central black hole with an accretion disk (Hutchings 1987, Weedman 1986,
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p .164). Their luminosities result from the conversion of the gravitational energy of 
the accreted material into radiation.
More than 4000 quasars have been cataloged (Hewitt and Burbidge 1989). Whether 
there is a gap in radio luminosity between radio-loud and radio-quiet quasars is still 
unknown.
2.2 Radio Spectra
The best known form of non-thermal radiation is synchrotron radiation. Synchrotron 
radiation is produced by the loss of energy from electrons moving relativistically 
through a magnetic field. The motion causes electrons to emit polarized continuous 
radiation, whose intensity at a given frequency depends upon both the magnetic field 
strength and the energy of electrons. The higher the mean electron energy, the higher 
the frequency at which the intensity is a maximum. The continuous spectra from 
synchrotron radiation are characterized by a power law of frequency, i.e., Fv oc v~a , 
where a is the spectral index. The spectral index depends on the energy spectrum 
of electrons. Synchrotron process can account for nonthermal radiation over radio, 
optical, even X-ray wavebands. In general, extended components of extragalactic 
radio sources have 0.5 < a < 1.2, while the compact components of the sources 
have 0.0 < a  < 0.5, much flatter than that of extended components. This can 
be explained as due to self-absorption effect, i.e., low energy photons interact with 
relativistic electrons before they escape. Often the photon energy is boosted by this 
interaction, thus resulting in a flat spectrum for compact sources (Weedman 1986, 
p.143).
2.3 Radio M orphology and Form ation
The main morphological types of radio-loud quasars are called single, double and 
triple. A single source has only one radio component, which corresponds to the quasar 
optical position. A double source has two radio components, either well separated or 
just barely resolved, and the quasar optical position may fall in between components
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or coincide with one component. A triple has three components in which the central 
component is often the most compact one, and coincident with the quasar optical 
position, with two extended components on two sides. The component coincident with 
quasar optical position is also called the core, and a component other than the core 
is called a lobe. Sometimes there are narrow features, perhaps clumpy but collimated 
radio-emitting regions, called jets, between core and lobes. The morphological type of 
a radio source is not definite; it depends on resolution and sensitivity. It appears likely 
that with increased resolution and sensitivity, many of the simple sources (singles and 
doubles) will be found to be multiple or complex and the number identified as triple 
sources will be increasing. It is not clear whether all the radio sources are in fact 
triples.
In some cases, the radio lobes or jets extend as far as 5 Mpc from the parent 
galaxy (De Young 1976). The diameter of a large galaxy is only about 2% of this 
distance. The total radio luminosity of the sources covers a range from 104Oerg s -1 
to 1046er<7 s -1 , assuming an upper frequency cutoff of 100 GHz (De Young 1976).
Many triple sources have “straight” radio axes, i.e., three components are well 
aligned. They are also called “normal” triple sources to distinguish from “bent” 
triples. The aligned radio lobes are conventionally explained as formed by radio- 
emitting material ejected from the active nucleus because of instability within itself 
or triggered by interaction with a companion galaxy (Hutchings, 1987). The radio 
emission implies the existence of relativistic electrons and magnetic fields. These 
materials may be ejected in a continuous way such that two outflows of materi­
als ( “beams”) are ejected continuously in opposite directions from the nucleus into 
the surrounding interstellar or intergalactic medium (De Young 1976, and references 
therein). That ejection occurred along two opposite directions suggests that there 
might be some preferential direction, perhaps the rotation axis of an accretion disk 
in the active nucleus. Highly relativistic electrons are generated at the end of each 
beam, thus giving rise to the bright spots (hot spots) observed near the leading edges 
of many radio sources where the beams interact with the surrounding medium.
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The existence of jets supports the “beam” model. Inefficiency of energy transport 
from the core to the lobes may result in the jet radio emission. The “knots” in the jets 
are likely caused by instabilities when the beams interact with surrounding medium. 
The energy of jets originates from the bulk kinetic energy of the outflowing beams. 
Jet radio emission is generated by synchrotron radiation.
2.4 D istorted  Structures and In terpretations
A large fraction (~  2/3) of radio galaxies in clusters of galaxies are found to be 
distorted (Hintzen and Scott 1978), showing the so-called “head-tail” or “wide-angle- 
tail” morphologies. The distortions are generally explained as the result of interaction 
between radio components and dense intracluster media (ICM). Since in rich clusters 
of galaxies the ICM are much denser (>  10~3particles cm~3) than in poor clusters 
or groups of galaxies, and since the dispersion velocity of the member galaxy may be 
quite high (>  lOOOfcm sec-1 ), the resulting dynamic pressure of the ICM may cause 
the beams to terminate near the parent galaxy, and, in a  frame co-moving with the 
galaxy, the newly produced relativistic electrons are blown back to form the tails. 
This may result in the so-called “head-tail” or ”wide-angle-tail” radio morphology 
with an “edge-darkened” feature, i.e., slowly fading away in brightness as one looks 
further away from the nucleus.
There are yet several more refined versions of ICM distortion mechanism for 
head-tail or wide-angle-tail radio morphologies. Jones and Owen (1979) suggested 
an ISM/IGM transition bending model. The beams of radio-emitting material may 
be deflected by transverse pressure gradients induced within the interstellar medium 
(ISM) by motion of the parent galaxy through an IGM. Mildly relativistic beams may 
result in head-tail morphology and more energetic beams may form a wide-angle-tail 
source.
Burns (1981) and Burns and Balonek (1982) proposed another model for wide- 
angle-tail sources. Wide-angle-tail sources are associated with giant elliptical galaxies 
at the centers of clusters. Since these dominant galaxies are likely to be at rest with
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respect to the ICM or moving at very low speeds (~  200&m s -1 ) near the cluster 
centers, the dynamic pressure may be too weak to cause the distortion. Instead, the 
distortion may be caused by an asymmetrically distributed ICM. This model is called 
the “buoyancy” model.
The head-tail and wide-angle-tail radio sources are collectively called the F R I class 
(Fanaroff and Riley 1974). FR I sources are often found within clusters and distorted 
due to the interaction with a dense ICM. FR I radio morphology is characterized by 
“edge-darkened” and smoothly and continuously distorted features.
There exists, however, another class of radio sources, FR II class. FR II sources 
generally have higher radio luminosity than FR I sources and are often found at the 
edge of clusters or in small groups of galaxies. FR II radio morphology is characterized 
by “edge-brightened” and collinear features. Many quasars and some strong radio 
galaxies belong to FR II class (Stocke, Burns, and Christiansen, 1985).
In the following chapters, we use “ICM distortion hypothesis” to denote both 
the dynamic pressure bending and the buoyancy hypotheses in that both of them 
suggested that distortions are caused by interactions between dense ICM and radio- 
emitting material. We want to examine ICM distortion hypothesis, as well as other 
hypotheses mentioned in the Introduction, i.e., the ISM/IGM transition bending 
hypothesis, the inelastic collision hypothesis, and the noncollinear ejection hypothesis.
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C h ap ter 3 
D a ta  R eduction : P rin cip le
In this chapter, the mapmaking principle will be discussed. First of all, we emphasize 
two terminologies, flux density and surface brightness, since they are so frequently 
used. “Flux density” is a measure of total intensity of a source or source component 
in radio astronomy, expressed in W m ~ 2H z ~ l , or in the smaller unit of jansky (Jy), 
1 0 ~26W m ~ 2H z _1. “Surface brightness” is defined as the flux density per unit solid 
angle of an extended source in any specific direction, in unit of W m ~ 2H z ~ l sterad~l .
3.1 Interferom etry
The “interferometry” technique is employed by the VLA to combine multiple antennas 
in order to achieve the effect of one very large antenna. Under a series of simplifying 
assumptions which are: a) treat the radiation field as a scalar field, b) the sources are 
very far away, c) all the sources are distributed on the surface of a conceived “celestial 
sphere” , and d) the radiation from astronomical objects are not spatially coherent, 
the spatial coherence function of the radiation field E flv )  at points r l  and r2 , defined 
as the expectation of a product,
Vt, ( r l , r2)  = <  Ef l r l )E; ( r2)  >
can eventually be expressed as (Synthesis Imaging 19S9, p.5)
K ( r l , r 2 )  =  J  A f l s ) I U s ) e ^ ^ d n
where /l„(s) is the primary beam or normalized reception pattern of the interferometer 
elements describing the sensitivity as a function of direction s at frequency u. /„ (s) 
is the surface brightness function of the source, and dfi is the source element in solid 
angle.
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The spatial coherence function V „(rl,r2 ) only depends on the relative separation 
vector of two observation points ( r l  — r2 ), not on their absolute location. We can 
learn about the correlation properties of the radiation field by a pair of movable 
antennas. The separation between two antennas is called a baseline. At any instant, 
the projected baseline vector in the direction of interest, can be resolved into an east- 
west component, u, and a north-south component, v. Both u and v are in units of 
wavelength. As the earth rotates, the tip of the projected baseline vector describes an 
ellipse. The ellipse is a circle when source declination 6 = 90° and S =  -90°, and a 
straight line when <5 = 0°. The lower the absolute value of the declination, the flatter 
the ellipse.
A fundamental relation in aperture synthesis is the Fourier transform relation 
between the surface brightness function and the spatial coherence function (also called 
visibility function for an array of antennas) (Synthesis Imaging 1989, p.7):
Vu{u,v) = J  J  A u{l,m )II/( l ,m )e - 2̂ ul+vm'>dldm
The above 2D Fourier transform relation holds as long as all the baselines are 
approximately in one plane (such as in the VLA “snapshot” observation), or when 
the source observed only occupies a small region. The surface brightness can be 
determined by the measurements of the visibility function which is a function of two 
coordinates, u and v. By analogy of a' -  y plane in mathematics, u and v defines a 
so-called u — v plane.
An interferometer is a device for measuring the visibilities which form a uv-file. 
The Fourier transformation is then applied to the un-file so that a map can be pro­
duced which represents the surface brightness, i.e.,
A v(l, m )Iu(l, m) — J  J  Vt,(u, v)e2H^ +vmUudv
We learn from the above Fourier transform relation that the components u and 
v of a baseline actually correspond to the two components of one spatial frequency 
component of the source surface brightness distribution. The longest baseline deter­
mines the highest spatial frequency the array can detect. On the other hand, the
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shortest baseline determines the lowest spatial frequency the array can detect. Com­
pact sources have relatively more prominent high spatial frequency components than 
extended sources. The longest baseline (together with the observing frequency) deter­
mines the resolution of the array, i.e., how small a structure it can discern. Extended 
source have relatively more prominent low spatial frequency components than com­
pact ones. The shortest baseline determines the largest angular size of a source the 
array can detect.
The Very Large Array consists of 27 identical 25 meter reflector antennas arranged 
on a three-armed array. They are movable to allow the resolution of the array to 
be varied in four discrete steps. In the resulting configurations (A, B, C, D) the 
most distant antennas are located 21 km, 6.4 km, 1.95 km, and 0.59 km from the 
intersection point of the three arms. The A configuration is the most extended one 
and in this arrangement the VLA can map small, intense radio sources with the 
highest resolution. The D configuration is the most compact configuration where 
maps can be made at lower resolution but with much greater sensitivity to faint 
extended fields of the radio emission. The electronic receiving system provides a 
choice of six frequency bands covering 0.3 to 0.35 GHz (90 cm), 1.26 to 1.73 GHz (20 
cm), 4.5 to 5.0 GHz (6 cm),8.0 to 8.8 GHz (3.6 cm), 14.5 to 15.4 GHz (2 cm) and and 
22.0 to 24 GHz (1.3 cm). Design of the VLA is such that the same spatial resolution 
is achievable at 2, 6 and 20 cm for easy determination of spectra in extended sources.
3.2 O btaining a “D irty” Map
We already know that the visibility function and surface brightness function, under 
a series of well-justified assumptions, form a Fourier transform pair. In principle, 
by taking the Fourier transformation of the visibility function, the surface brightness 
distribution can be derived. FFT (Fast Fourier Transform algorithm) can be applied 
to speed up the calculation.
In practice, the visibility function V(u, v ) is not known everywhere but is sampled 
at particular places on the u - v  plane. The distribution of sampling positions on the
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u — v plane is called u —v coverage. The visibility measurements are also called visibili­
ties. The sampling function S, is a linear combination of many ^-functions, invariably 
with gaps in the u -  v coverage corresponding to missing interferometer spacings. 
There is always a finite limit to the extent of the u — v coverage, corresponding to 
the largest (projected) spacing of the interferometer elements. In addition, more data 
points tend to fall in the inner region of the u — v plane than in the outer region. This 
tends to give higher weight to the lower spatial frequencies.
A weighted sampling function (the purpose of weighting will be discussed later) 
can be expressed as
M
S w {u, v ) = J 2  TkD k6(u -  uk,v  -  vk)
k = 1
and a weighted u — v measurement distribution, V w , is
V w = S W V
or,
M
V w (u, v ) = J 2  TkDk6(u - u k , v -  vk)V(uk, vk)
k = 1
where the V (u k,v k) are the observed visibilities which are noise-corrupted measure­
ments. The coefficients Tk and Dk are weights assigned to the visibility points. Tk 
denotes the so-called taper weighting, and D k denotes density weighting.
The so-called dirty map is the Fourier transform of the product of the visibility 
function and weighted sampling function, i.e.
I D(l, m) -  J  J  V ( u ,v )S w {u,v)e2^ ul+vm'>dudv
and the so-called dirty beam is the Fourier transform of the weighted sampling func­
tion, i.e.,
B { l ,m ) = J  J  S w (u,v)e2^ ul+Vm'>dudv
The relation between the dirty map I D and the desired surface brightness function I  
is
18
I D{l,m) = I ( l , m ) * B
“Dirty” indicates that dirty map and dirty beam are sidelobe contaminated due to 
the finite extent of the u — v coverage and gaps in the coverage.
The purpose of weighting is to reduce, to some extent, the effects of non-uniform 
sampling and to control the beam shape, (since, if the sampling function S  were 
a smooth, well behaved function —say, a Gaussian —then its Fourier transform B  
would have no sidelobes, just smooth wings.)
“Taper” is used to weight down the data at the outer edge of the u -  v coverage 
and thus to suppress small scale sidelobes with increasing the beamwidth as a side 
effect.
The uniform weighting is to assign each visibility point a weight inversely propor­
tional to the local density of the u — v coverage. In the so-called natural weighting, 
equal weight is assigned to each visibility point. Since the density of u — v coverage 
tends to be denser in the inner region of the u — v plane, a map computed using 
uniform weighting has higher resolution than natural weighting. As we know, high 
spatial frequency components corresponds to the presence of small structures in the 
source brightness distribution.
In order to apply FFT, gridding is necessary for the non-uniform sampling of 
visibility function. The purpose of gridding is to interpolate, smooth, and resam­
ple the noise-corrupted data. The interpolating and smoothing can be achieved by 
convolving a function with the u — v measurement distribution. This is equivalent 
to multiply a function with the map. Resampling is to sample the interpolated and 
smoothed visibility data on a regularly spaced points so that FFT can be applied. A 
side effect of resampling is aliasing, i.e., parts of the sky brightness that lie outside 
of the primary beam are folded back to the map because of undersampling; and the 
sidelobes of the source are folded back to the map because of the finite extent of it — u 
coverage.
Therefore both dirty beam and dirty map obtained from FFT are not accurate;
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both of them contain aliased sidelobes and sources (if any).
3.3 O btaining a “C lean” M ap
From the convolution relation between a “dirty” map and desired surface brightness 
function
I D(l, m) = 1(1, m )*  B  +  noise
we know that if we can deconvolve somehow the dirty beam from the dirty map, the 
desired surface brightness will be obtained. To observe weak structure it is necessary 
to remove the sidelobes due to stronger source in the field if the sidelobe level is too 
high. The contamination of noise, however, makes any linear deconvolution virtually 
impossible and makes nonlinear deconvolution methods such as the so-called “clean” 
necessary.
The CLEAN algorithm, which was devised by Hogbom (1974), provides an ap­
proximate solution to the convolution equation by representing a radio source by a 
number of point sources in an otherwise empty field of view.
Assuming the dirty map and dirty beam are already made, starting from the dirty 
map, what “clean” actually does is:
1. locate the maximum in the map.
2. generate a so-called clean component, i.e., a 6 function at this location with 
intensity equal to some fraction (called gain) of the maximum in the map.
3. calculate the response function of the array to the component, i.e., the convo­
lution of this component with the dirty beam.
4. subtract the response function from the map.
5. repeat steps 1 to 4 until the residuals in the map are lower than a pre-specified 
value or the number of clean components reaches a pre-specified number called 
number of iterations.
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6. convolve the whole collection of clean components with a so-called clean beam— 
usually a Gaussian obtained by fitting to the central lobe of the dirty beam. 
The clean map is generated by adding the final residual map to the resulted 
convolution just computed.
In AIPS, NITER denotes the number of iterations and GAIN denotes the gain. 
The larger the GAIN, the faster the computation, since only a few components can 
be collected before the residual intensity drops to noise level. The extended structure, 
however, can not be well represented in the resulting clean map. The smaller the gain, 
the slower the computation, since it needs many many times to collect enough clean 
components which can approximate the whole real emission. A reasonable value for 
GAIN is about 0.1, i.e., subtracting 10% of the response function of the maximum 
from the map every time.
The choice of the NITER and GAIN depends upon how complex the source is. 
Since the majority of the C array sources are compact, unresolved sources, we chose 
NITER=500 and GAIN=0.1 in the first two passes of CLEANing which is enough to 
just provide a rough model for subsequent self-calibration (discussed later). In the 
final pass of CLEANing, we chose NITER=2000 and GAIN=0.05 in order to repre­
sent the extended emission which was now higher than the noise in the map since the 
noise was significantly suppressed by the previous two passes of self-calibration. For 
the A array data, since many sources are well resolved and have extended structures, 
in the final pass of CLEANing, depending on how complex the sources are, we chose 
different combinations of NITER and GAIN: NITER=5,000 and GAIN=0.05 for un­
resolved sources, NITER=10,000 and GAIN=0.05 for slightly resolved sources, and 
NITER=20,000 and GAIN=0.03 for very extended sources.
In our routine reduction, we chose AIPS task MX to make and clean map. The 
reason is that MX does “cleaning” by subtracting component visibilities from the 
ungridded data; therefore it does not alias sidelobes into the map. Or in other words, 
MX can clean more accurately than other cleaning tasks of AIPS which subtract the 
response function directly from the map. This feature of MX is especially valuable
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for “snapshot” observations in which the dirty beam has high sidelobe levels due to 
poor u — v coverage.
3.4 Im proving D ynam ic Range: Self-calibration
We chose AIPS task ASCAL to self-calibrate the visibility data  in order to reduce the 
r.m.s. noise and to improve the dynamic range of the map.
Why is self-calibration useful? It is useful to correct the residual phase and am­
plitude errors after external calibrations. The actually measured visibility V-- by 
antenna pair i and j  is the ideal complex visibility V,j multiplied by a complex gain 
factor Gij:
V/j =  GijVij +  noise
The gain factor represents amplitude and phase errors introduced by the interfer­
ometer itself and the E arth’s atmosphere. It is the usual practice to determine the 
Gij factors from observations of known structure, usually point sources, the so-called 
“calibrators” . The calibration observations must be made frequently enough so that 
any time dependence of the complex gains can be determined, and the calibrators 
must be sufficiently close to the object under study that the propagation effects are 
small. If the complex gains are varying faster than they can be measured, or, if there 
are no nearby calibrators, it turns out to be useful to use the self-calibration, i.e., use 
the object itself as the calibrator provided the signal to noise ratio is relatively high.
Why does self-calibration work? It is based on some redundancy in measurements. 
The complex gain factors can be associated with individual antennas:
= 9i9j
where </,■ is the complex gain factor for the individual antenna i. In an array of N 
antennas, there are N  unknown antenna gains. If all the antenna pairs are cross- 
correlated, there would be N ( N  — l) /2  simultaneous measurements. Since N  is less 
than N ( N  — 1 ) /2 , it is possible in principle to determine both the gains and some 
parameters of the complex visibility of the object.
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W hat does self-calibration actually do? Starting from the original uvdata set 
(including measured visibilities and antenna gain solutions), a map can be made by 
the following iterations including both clean and self-calibration:
1. compute a clean map from the uvdata set, probably with clean boxes to specify 
where the clean components should be collected. If satisfied with the map, stop. 
Otherwise, go to step 2 using the clean components as a source model for the 
subsequent self-calibration.
2. self-calibrate the uvdata set by adjusting antenna gains via least-squares method, 
i.e., by minimizing the mean square difference between the measured visibilities 
and visibilities predicted by the source model. These new antenna gains and 
the measured visibilities form a new uvdata set. Go to step 1 using the new 
uvdata set to make new map.
The AIPS self-calibration task ASCAL provides two types of self-calibration. The 
default is phase-only self-calibration. The other is amplitude & phase self-calibration. 
It is recommended by the AIPS explanation file that the first few self-calibrations be 
run for phase-only correction. If there appear to be problems with the amplitude 
errors, then run ASCAL for both amplitude and phase corrections. The atmospheric 
phase corruption is the most serious source of error with the VLA data and it can be 
effectively reduced by ASCAL.
3.5 R esolution
The IIPBW (Half Power Beam Width) of the synthesized beam for the VLA is roughly 
(Synthesis Imaging 1989, p.461)
0HPBW = 1-25 * ------* 3.2S5n~1(arcsec)
vo
where vQ is the observing frequency in MHz and n =  l, 2, 3, or 4 for the A, B, C, or D 
configuration, respectively. At = 4885 MHz, Oh p b w  = 0.4 arcsec for A array, and 
Sh p b w  — 4.1 arcsec for C array. Therefore at same frequency, A array has higher
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resolution than C array. The choice of the cell size for map-making is based on the 
consideration of best utilization of the resolution. For A array 6 cm data, we chose 
cell size 0.1 arcsec, while for C array 6 cm data, we chose 1.3 arcsec, yielding cell sizes 
of about 1/4 to 1/3 of the resolution. Too large cell size is a waste of the resolution, 
while too small cell size oversamples the resolution.
3.6 S en sitiv ity
The sensitivity AS  is represented by the r.m.s value of the noise. The most important 
factors on which the sensitivity of a correlation interferometer depends include the 
system temperature Tsys, antenna temperature Tant due to the radio source, integra­
tion time At, bandwidth A v  and collecting area A of antenna. For weak sources, 
(Synthesis Imaging 1989, p. 148):
A S  oc — ^ = =
Ay/AtAis
On the other hand, for strong sources, the sensitivity is proportional to the antenna 
temperature Tant, not depending on the system temperature Tsys. The typical value of 
the system temperature for VLA antenna at 6 cm is Tsys = 50 K (Synthesis Imaging 
1989, p. 148). The VLA “snapshot” observation has very short integration time 
(~  5 — 10 minutes), therefore it has good signal to noise ratio only for bright sources.
The theoretical r.m.s noise, on images made with 27 VLA antennas in 5-minute 
“snapshot” observation, is 0.22 mJy/Beam at 6 cm wavelength (Synthesis Imaging 
1989, p.467). The r.m.s noise in our C array 6 cm maps is usually between 0.2 
and 0.4 mJy/Beam. There are multiple reasons which prevent one from reaching the 
theoretical r.m.s, such as the high sidelobe level of bright sources, poor u — v coverages 
especially in “snapshot” observations, atmospheric attenuation, variations in aperture 
efficiency, the presence of radio-frequency interference, etc. (Synthesis Imaging 1989, 
p .156). The maps with extended, complex sources usually have higher r.m.s. noise 
than those with point sources. This is because the self-calibration task ASCAL works 
better with a point source model than with a complex one.
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3.7 F ield  o f V iew
Field of view is limited by the directional properties of the individual antenna in the 
array, i.e., attenuation of the primary beam. The primary beam of the VLA antennas 
can be taken to be a Gaussian with FWHM (Full Width at Half Maximum) equal 
to 90Acm arcsec. For X =  6 cm, the FWHM of the primary beam = 540 arcsec = 9 
arcmin.
Field of view is also limited by bandwidth and average time because of the band­
width smearing and time-average smearing (Synthesis Imaging 1989, p. 449). The 
larger the bandwidth, the smaller the field of view; on the other hand, the smaller 
the bandwidth, the lower the sensitivity for a given observation duration. The longer 
the averaging time, the smaller the field of view; the shorter the averaging time, the 
larger data volume and computation load. We used 50 MHz bandwidth and 20 to 30 
seconds averaging time.
Field of view is also limited by the map size. For A array 6 cm data, taking 
cell=0.1 arcsec and image size=512x512, then the field is 512x0.1=51 arcsec which is 
less than 1 arcmin; for C array 6cm data, taking cell=1.3arcsec and same image size, 
the field is 512x1.3/60=11 arcmin.
3.8 R elation  B etw een  S en sitiv ity  and Prim ary B eam
From the fundamental relation between surface brightness and visibility function given 
in the previous section, it is clear that we have to deal with the primary beam response 
function A u after deriving the sky intensity. It should simply divide the derived 
intensity. This division, however, will not only produce a. better estimate of the 
actual intensities in this direction, but will also increase the error at distances far from 
the center of the element primary beam, where one is dividing by a small number 
(Synthesis Imaging 1989, p.7 and p .164). This explains why weaker sources can be 
identified better at the inner area than at the outer area..
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C hapter 4 
D ata  R ed u ction : A  W orkable  
M ap-m aking P roced u re
Suppose we want to make a map of A array 6cm data set No.65 and suppose it is on 
the Cray disk under directory Sfits (/usr/tm p/hintzeng/aips/fits) and the file name 
is 5528.65.




2) X Window System
3) Sunview
Enter Selection Number=> 2 
galileo'/, xhost clark.nscee.edu
clark.nscee.edu being added to access control list 
galileo'/, telnet clark.nscee.edu 
login: hintzeng 
password:
Enter Terminal Type==>xterm 
dark'/, setenv DISPLAY 131.216.48.3:0.0 
dark'/, aips new
Starting up /u2/unlv/csm/lsmphyg/hintzeng/aips/15apr91/bin/xas 
as X-AIPS TV window
Put the X-AIPS window to a proper place and hit a mouse
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button.
The X-AIPS window is going to be used to display the maps. 
Starting up 15apr91 AIPS
Begin the one true AIPS number 1 (release of 15apr91) at 
priority =0
cf77 /u2/unlv/csm/lsmphyg/hintzeng/aips/15apr91/bin/aips.o \ 
-Wl"-D SET=$WBUFLN:4096 -D C0MM0NS=$WFDC0M:4105" \
-L /u2/unlv/csm/lsmphyg/hintzeng/aips/15apr91/lib -laips 
-lapl -lq -ly -lyxas -lz -lnet \
-o /tmp/jtmp.003235a/aipsl
;the obj. files have to be linked in 
;order to generate the executable file 
AIPS 1: You are assigned TV device 1 
AIPS 1: YOU ABE NOT ASSIGNED A GRAPHICS DEVICE 
AIPS 1: Enter user ID number 
AIPS1: Enter user ID number
7100 ;your ID, for example
>restore 0 ;restore the default parameters
>indisk 2 ;go into AIPS disk 2
>mcat ;list map catalog
>ucat ;list uv catalog
Note: In the following steps, we need specify the input 
parameters in order to run a AIPS task or verb, a) Skip a 
parameter if it already has the required value, b) You 
can type under AIPS prompt ">", or directly under the prompt




or upon you see that a task "appears to have ended successfully".
2. Loading uvfile from  $fits into the A IPS Disk
>task ’uvlod’
>inp ;look at the input parameter table
>infile Jfits:5528.65’
>douvcomp -1 ;leave the uvfile uncompressed
>outname ’ *
>outclass ’ ’
>outseq 0 ;if a parameter has the required value,
;just skip it 
>outdisk 2 ;output disk is disk 2
>inp 
>go
3. First run of M X (clean) on the . D B C O N  uvfile
Purpose: Look at the image and specify a box tightly around the 
source but also be sure to include all the extended emission.
This box will be used as the input parameter of the MX within 
which clean components will be searched.
>ucat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 1 100 1130+106 .DBCON . 1 UV 09-JUN-1992 08:44:23
>getn 1 


















>cellsize 0.1 ;(X,Y) pixel separation in asec
>imsize 512 ;512x512
>gain 0.1 ;The CLEAN loop gain: 10'/,
>niter 500 ;CLEAN iteration :500 clean components
>inp
>go
1: Appears to have ended successfully 
>mcat




Class Seq Pt Last access Stat 
.IBEAM . 1 MA 09-JUN-1992 08:53:38
.ICLN . 1 MA 09-JUN-1992 08:53:38
>ucat
Catalog on disk 2 
Cat Usid Mapname 
1 100 1130+106
4 100 1130+106
Class Seq Pt Last access Stat 
.DBCON . 1 UV 09-JUN-1992 08:53:38
.UVWORK. 1 UV 09-JUN-1992 08:53:34
>getn 2
1: Got(1) disk= 2 user= 100 type=MA 1130+106.IBEAM.1 
>inp tvlod ;load map on the AIPS TV
>func ’lg’ ;Image intensity transfer
;function:logarithmic
>tvlod
>tvfiddle ;TV display control
1: Hit button A to enhance B/W or color alternately
1: Hit button B to increment zoom & set zoom center
1: Hit button C to decrement zoom & set zoom center
1: Hit button D to exit ;A=F3, B=F4, C=F5, D=F6
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Move the cursor to the X-AIPS window right-bottom corner, 
hit F3
Note:every time running the TVFIDDLE, hitting F3 is the 
first thing to do
AIPS 1: Cursor X controls intercept 
AIPS 1: Cursor Y controls slope
To change contrast, slowly move the cursor while keep 
pressing any one button of the mouse.
To quit from TVFIDDLE, release the mouse button, then hit F6 
Note:every time running the TVFIDDLE, hitting F6 is the last 
thing to do
>zap ;delete the IBEAM file
>getn 4
AIPS 1: Got(1) disk= 2 user= 100 type=UV 1130+106.UVWORK.1
>zap ;delete the UVWORK file
>recat ;re-catalog
>mcat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 2 100 1130+106 .ICLN . 1 MA 09-JUN-1992 09:08:17
>getn 2
AIPS 1: Got(l) disk= 2 user= 100 type=MA 1130+106.ICLN.1
>imh ;image head information
>docrt 1 ;tell AIPS to display on terminal
;the default is to the laser printer 
>prthi ;print history information
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>nbox 1 ;number of CLEAN box: 1
;set BOX bottom-left and top-right (X,Y); 
;which will be used by MX or IMEAN
AIPS 1: Set B.L.C. : button A,B,C to change to T.R.C.
Move cursor to X-AIPS window, move the cursor while 
pressing a mouse button, in order to choose the bottom-left 
corner for the CLEAN box, hit F3 
AIPS 1: Set T.R.C. : button A to repeat other corner
Move the cursor while pressing a mouse button to choose the 
top-right corner, then hit F4 
AIPS 1: B0X( 1) = 212.00 230.00 296.00 306.00
>getn 2
AIPS 1: Got(l) disk= 2 user= 100 type=MA 1130+106.ICLN.1
>zap ;this image is generated only for setting
AIPS 1: Got(l) disk= 2 user= 100 type=UV 1130+106.DBCON.1 
>inp 
>go
MX 1: Appears to have ended successfully 
>mcat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat








.IBEAM . 1 MA 09-JUN-1992 10:47:34
•ICLN . 1 MA 09-JUN-1992 10:47:34
•DBCON . 1 UV 09-JUN-1992 10:47:34















4. First run of A SCA L on the . D B C O N  uvfile: phase-only self-calibration
Purpose: Self-calibrate the visibility data. Choosing default 
(phase-only correction is because that very often with VLA data, 
the atmospheric phase corruption is the most serious source 
of error.
disk= 2 user= 100 type=MA 1130+106.ICLN.1
>getn 1




>in2seq 1 ;specify 1130+106.ICLN.1 file as model
>ncomp -500 ;number of CLEAN components to use.
;use up to abs(-500) components but stop 




A S C A H : Appears to have ended successfully 
>ucat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 1 100 1130+106 .DBCON . 1 UV 09-JUN-1992 11:01:16
AIPS 1: 3 100 1130+106 .ASCAL . 1 UV 09-JUN-1992 11:01:17
5. Second run o f  M X on the . ASCA L. 1 uvfile with the sam e clean box, 
niter and gain
>getn 3
AIPS 1: Got(l) disk= 2 user= 100 type=UV 1130+106.ASCAL.1 






MX 1: Appears to have ended successfully 
>mcat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 2 100 1130+106 .ICLN 1 MA 09-JUN-1992 11:01:15
AIPS 1: 4 100 1130+106 . IBEAM 2 MA 09-JUN-1992 11:05:27
AIPS 1: 5 100 1130+106 .ICLN 2 MA 09-JUN-1992 11:05:26
>ucat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Sta1
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AIPS 1: 1 100 1130+106 .DBCON . 1 UV 09-JUN-1992 11:01:16
AIPS 1: 3 100 1130+106 .ASCAL . 1 UV 09-JUN-1992 11:05:26
AIPS 1: 6 100 1130+106 .UVWORK. 1 UV 09-JUN-1992 11:05:24
>getn 4
AIPS 1: Got(1) disk= 2 user= 100 type=MA 1130+106.IBEAM.2
>zap 
>getn 6




AIPS 1: Got(1) disk= 2 user= 100 type=MA 1130+106.ICLN.2
>tvlod 
>tvfiddle
Note: Usually, the noise level will be much lower than that before 
ASCAL. This means ASCAL indeed works. If so, go on to do the 
second run of ASCAL; if not, stop and go to last step.
6. Second run o f ASCAL on the . ASCA L. 1 uvfile: phase-only self­
calibration
Purpose: Based on better uv data(.ASCAL.1) and better source model 
(.ICLN.2), Second run of self calibration does further correction 
and tries to obtain a best uv data for mapping.
>ucat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 1 100 1130+106 .DBCON . 1 UV 09-JUN-1992 11:01:16
AIPS 1: 3 100 1130+106 .ASCAL . 1 UV 09-JUN-1992 11:05:26
>getn 3















Catalog on disk 2 




Class Seq Pt Last access Stat 
.DBCON . 1 UV 09-JUN-1992 11:01:16
.ASCAL . 1 UV 09-JUN-1992 11:12:19
.ASCAL . 2 UV 09-JUN-1992 11:12:20
7. Third run o f M X on the . ASCA L. 2 uvfile w ith same clean box, 
higher niter, lower gain and natural w eighting
Purpose: After two runs of self calibration, the noise level is 
sufficiently suppressed, deep cleaning can be used to reconstruct 
extended structure, if any; also does the natural weighting since 
it give all the visibilities same weight thus emphasize the lower 
frequencies.
>getn 5 
AIPS 1: Got(l) 






>uvwt ’n a ’
disk= 2 user= 100 type=UV 1130+106.ASCAL.2
;deep cleaning is used to reconstruct 
;extended structure.





MX 1: Appears to have ended successfully 
>mcat
AIPS 1 Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 2 100 1130+106 .ICLN . 1 MA 09-JUN-1992 11:01:15
AIPS 1: 4 100 1130+106 .ICLN . 2 MA 09-JUN-1992 11:12:18
AIPS 1: 6 100 1130+106 .IBEAM . 3 MA 09-JUN-1992 11:20:38
AIPS 1: 7 100 1130+106 .ICLN . 3 MA 09-JUN-1992 11:20:38
>ucat
AIPS 1: Catalog on disk 2
AIPS 1: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 1: 1 100 1130+106 .DBCON . 1 UV 09-JUN-1992 11:01:16
AIPS 1: 3 100 1130+106 .ASCAL . 1 UV 09-JUN-1992 11:12:19
AIPS 1: 5 100 1130+106 .ASCAL . 2 UV 09-JUN-1992 11:20:38
AIPS 1: 8 100 1130+106 .UVWORK. 1 UV 09-JUN-1992 11:20:35
>getn 6 
AIPS 1: Got(l) 
>zap 
>getn 8 




AIPS 1: Got(l) 
>tvlod 
>tvfiddle
disk= 2 user= 100 type=MA 1130+106.IBEAM.3
disk= 2 user= 100 type=UV 1130+106.UVWORK.1
disk= 2 user= 100 type=MA 1130+106.ICLN.3
Hitting F3 to actually activate the TV control.
Change contrast as before.
To change B/W to pseudo color display, hit F3, to change back,
also hit F3. To increment the zoom value, place the cursor at the
center of the source, hit F4, then move cursor to the source and 
hit a mouse button to shift the source to the center.
To decrement the zoom value, hit F5.
To change contrast after F4 or F5, hit F3, then do it as before.
To change B/W to pseudo color display after F4 or F5,i
hit F3 twice.
>ucat
AIPS 2 Catalog on disk 2
AIPS 2: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 2: 1 100 1130+106 .DBCON 1 UV 09-JUN-1992 11:01:16
AIPS 2: 3 100 1130+106 .ASCAL 1 UV 09-JUN-1992 11:12:19
AIPS 2: 5 100 1130+106 .ASCAL 2 UV 09-JUN-1992 11:20:38
>mcat
AIPS 2: Catalog on disk 2
AIPS 2: Cat Usid Mapname Class Seq Pt Last access Stat
AIPS 2: 2 100 1130+106 .ICLN 1 MA 09-JUN-1992 11:01:15
AIPS 2: 4 100 1130+106 .ICLN 2 MA 09-JUN-1992 11:12:18
AIPS 2: 6 100 1130+106 .ICLN 3 MA 09-JUN-1992 11:33:43
The 1130+106.ASCAL.2 is the final uvfile and 1130+106.icln.3 is 
the last image file.
D elete  all the files
Purpose: Clear up the disk for other people use.
>for i=l to 6;getn i;zap;end 
Note: The above is the basic procedure of map making. In some 
complicate cases, please refer to the explanations of the tasks.
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C hapter 5 
D ata  R ed u ction : R esu lts
In this chapter, we report the results of reducing 281 C array 6 cm data sets and 192 
A array 6 cm data sets.
5.1 R outine R eductions
The data were edited and calibrated at the VLA site. Subsequent mapping and anal­
ysis were done by using the AIPS (Astronomical Image Processing System) software 
installed on the Cray Y-MP 2/216 at the UNLV Supercomputer Center. Because the 
image construction and deconvolution make extensive use of 2D Fourier transforms, 
the speed provided by the Cray Y-MP 2/216 supercomputer allowed more iterations 
of “clean” and self-cabbration than is possible with slower computers.
The routine reduction included two passes of phase self-calibration, sometimes fol­
lowed by one pass of amplitude and phase self-cabbration. Primary beam corrections 
were also applied to all the C array data since the field of view of C array maps reach 
a maximum diameter (for 512x512 maps with 1.3 arcsec, D max — 11 arcmin) which 
is comparable to the FWHM of the primary beam (~  9 arcmin).
Primary beam attenuation is the decrease in sensitivity of the antennas at in­
creasing distances from the tracking center. In order to correct this attenuation, a 
polynomial expression of the distance is used to multiply the measured flux levels. 
The AIPS task PBCOR uses the following multiplying factor:
F(x)  = 0.992 + 0.996 10-3 ® + 0.381 1 0 ~ V  -  0.531 10“ 8a,-3 +  0.398 10-1V
where x = [R(arcmin) * freq(GHz)]2, and R  is the distance. Figure 5.1 and Figure
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Figure 5.1: Normalized r.m.s noise after primary beam correction. The solid curve 
is the multiplying factor given by the expression. Also shown are two sets of r.m.s. 
measurement from the PBCORed maps.
level.
From Figure 5.1, the primary beam attenuation, and therefore flux measurement 
error, become very severe when distance is greater than 6 arcmin.
The resulting maps were 512 or 1024 pixels square with each pixel subtending 
0.1 arcsec for A array data and 1.3 arcsec for C array data. The clean beams are 
generally between 0.4 and 1.0 arcsec for A array data and between 4.0 and 8.0 arcsec 
for C array data. The rms noise ranges from 0.1 to 0.2 mJy/Beam for A array data 
and from 0.2 to 0.4 mJy/Beam for C array data (measured near the principal source) 
The dynamic ranges, defined as the ratio of the peak to the rms noise, are generally 
over a thousand for strong sources for both A and C array data.
The A array map r.m.s. noise is usually less than that of the C array maps. This 
is because A array map covers a much smaller field of view than the C array map,
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Figure 5.2: Mean sky level after primary beam correction. The two sets of measure­
ment from the PBCORed maps show that the mean sky level fluctuates around zero. 
PBCOR magnifies the non-zero mean values in the outer region.
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therefore there is much lower sidelobe contamination from sources lying outside of 
the field of view.
Uniform weighting was used through C array data reduction in order to obtain 
higher resolution than using natural weighting. Most A array maps were made using 
natural weighting instead of uniform weighting. Since in A array the shortest spacing 
of baselines is longer than in C array, A array tends to miss low-frequency components 
more severely than C array. Since natural weighting treats all visibility measurements 
alike and thus gives the best signal-to-noise ratio (Synthesis Imaging 1989, p. 123), 
natural weighting is useful to reconstruct the extended structures well resolved by the 
A array.
5.2 Tables
In Table 1 (C array flux table) and Table 2 (A array flux table), the first column of the 
first line for each source contain the source name in notation of right ascension and 
declination from NED (NASA/IPAC Extragalactic Database). For sources selected 
from 3C and 4C catalogs, their 3C or 4C notations are also given in the parentheses 
in the line right above the first line for each source.
The second column of the first line for each source contains the radio mor­
phology (S=single, D=double with the optical position between the radio compo­
nents, D2=double with one component coincident with the optical position, T=triple, 
C=complex source, Sl,S2,S3=the 1st, 2nd and 3rd serendipitous sources observed in 
the field). The total 4885 MHz flux density and the position (1950) of the optical 
object follow, along with a reference for that position.
Reference a = Hintzen, Ulvestad, and Owen (1983, HUO), b = Wills (1979, Wills), 
c = Hewitt and Burbidge (1987, HB87), and n = NED. Optical positions were searched 
first from HUO and Wills, then from HB87 provided that IIB87 position agrees (within 
a couple of arcseconds) with optical position given by NED reference. Otherwise, 
optical positions from NED references were taken. For those objects which are not in 
HUO, Wills and IIB87 and IIB89, and are designated by NED with radio positions,
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their radio positions are included.
The CLEAN beam parameters, including major axis (Maj.), minor axis (Min.) 
and position angle (PA), follow the optical position. For each map, the limit (repre­
sented by the r.m.s noise in units of mJy/Beam) is obtained by averaging the r.m.s. 
values from two patches of sky near the principal source (~  40x30 pixels and ~  1 
arcmin from the principal source).
The last column ( “Notes”) contains the quasar redshift from the same reference as 
that for the optical or radio position. This column also contains special description, 
NED reference([xxx]), positional error (e, in arcsec), and distance from serendipitous 
source to principal source (r, in arcmin). Some sources are marked as “BL Lac” if 
they are called BL Lac in HB87 and HB89. Sources are marked as “G” , “G (Syl)” , 
or “G(Sy2)” if they are called “Galaxy” and described as Seyfert 1 or Seyfert 2 
by one of the NED references. Sources are marked as “RadioS” if they are called 
“RadioS” by all of the NED references. NED references which give optical positions 
include Hewitt and Burbidge (1989, [HB89]), Foltz et al (1989, [FOLTZ89]), Condon 
and Broderick (1991, [CONDON91]), and Spinrad et al (1985, [SPINRADS5]). NED 
references which give radio positions include Parkes Survey Catalog (1990, PKS90), 
Sovers et al (1988, [SOVERS88]), Russell et al (1991, [RUSSELL91]), and Gregory 
and Condon (1991, [GREGORY91]). Positional error of the optical position is listed if 
deviation between the optical position and the measured radio position is remarkable 
(> 5 arcsec). For serendipitous sources, the distance to the principal source is listed 
in the “Notes” column.
Subsequent lines for each source contain flux densities and positions of each indi­
vidual component. The AIPS task IMF1T was used to fit a component as a Gaussian 
so that the size of the component can be derived. For simple components, the size 
parameters from IMFIT were listed following the radio positions, i.e., in the “Clean 
Beam” column. The measurement error for flux densities is about a few mJy for 
larger sources and about a few tenth of mJy for smaller sources.
Table 3 contains data for double and triple sources observed with the A array.
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The data include source name (Object), morphological type (Type), largest angular 
size (LAS, in arcsec), radio axis bending angle (BA, in degree), redshift (2 ), and note. 
Largest angular size is defined as the separation of the flux peaks of the outer lobes. 
Bending angle (6) is defined as the angle of intersection of the two lines connecting 
the flux peaks of each outer lobe with the central component of the triple source, such 
that 0 =  0° for straight sources. Because the flux peak positions derived from the 
VLA A array 6 cm data are accurate to about 0.1 arcsec, the effects of measurement 
errors on 6 and LAS are unimportant. For a a source with two lobes at 5 arcsec 
from the core, the measurement error for 6 is less than 3°. Of course, the smaller the 
source, the larger the measurement error.
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°)(m Jy /B ) Notes
0003+15 T 328 .9 c : 00 03 25 .07 15 53 7 . 4 5 . 2 3 4 . 62 61 .2 2 0 . 20  z=.450
A 62 .0 00 03 23 .8 4 15 53 13.5
B 147.5 00 03 25 . 1 0 15 53 7 . 0 5 . 5 6 4 . 9 8 71 .38
C 113.6 00 03 26 .09 15 53 0 . 5
SI 8 . 7 00 03 25 .1 0 15 51 29 .5 5 . 3 8 4 . 6 7 58 .87 r=1 .63
S2 3 . 9 00 03 36 .18 15 51 56 .8 5 .18 4 . 0 9 39 . 57 r=2.91
(3C2.0)
0003-003 C 1371.7 c :00 03 48 .8 7 -00 21 6 .7 4 . 2 3 4 . 1 3 42 .7 2 0 .35  z = l .037
00 03 4 8 .8 9 -00 21 5 . 7
0006+014 C 78 .0 n: 00 06 19.41 01 26 31 .7 8 .48 6 .36 52 . 28 0 . 22  z = l .302
00 06 19.26 01 26 32 .8 [F0LTZ89]
(4C08.04)
0033+079 S 62 .9 n: 00 33 4 0 . 9 07 58 34 .0 5 .40 5 . 29 47 .23 0 .41  z=1.578
00 33 41 . 00 07 58 34 .0 6 .05 5 .38 - 8 6 . 3 4 [HB89]
(4C09.01)
0033+098 S 337 .6 c :00 33 4 8 . 2 6 09 51 28 .9 5 . 22 4 . 9 9 49 .97 0 .19  z = l .918
00 33 48 .21 09 51 27.7 6 .28 5 . 35 - 4 1 . 3 6
0038-020 D 496.9 c : 00 38 2 3 . 8 -02 02 54.0 7 . 2 2 7 . 0 4 45 .8 2 0 . 27  z = l .178
A 2 .9 00 38 23 .77 -02 02 32.0
B 493.0 00 38 24 .20 -02 02 59 . 3 7 .41 7 . 0 4 44 .11
SI 189.0 00 38 52 .73 -01 59 33.9 r=7.91
0038-019 T 318.4 c :00 38 52 .68 -01 59 40 .7 4 . 5 6 4 . 4 5 42 .0 2 0 .30  z = l .690
A 127.7 00 38 52 . 76 -01 59 34 . 2
B 66 . 0 00 38 52 .59 -01 59 43 .3
C 123.5 00 38 52 . 59 -01 59 52 .4
SI 525 .8 00 38 2 4 . 32 -02 02 58 .3 5 .62 4 . 5 3 62 .32 r=7.78
S2 25 .7 00 38 53.11 -01 54 13.1 5 .13 4 .71 - 1 0 .8 9 r=5 .50
0041+001 S 104.7 c:00 41 0 . 0 0 00 08 30 .0 6 . 94 6 . 5 2 47 .25 0 . 2 2  z = l .127
00 40 58 .87 00 08 35.2 6 .95 6 .53 47 .31 e=10
0044+030 D 46 .0 c : 00 44 31 . 2 03 03 35.0 4 . 3 2 4 . 19 41 . 46 0 . 18  z = .624
A 6.1 00 44 31 .66 03 03 39.5
B 39 .7 00 44 31 . 40 03 03 33.0 5 .41 4 . 8 0 38 .39
45
Table 1: C Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 / n (") (") (°) (m Jy/B ) Notes
0045-00 S 103.8 n:00 45 45 .3 -00 01 24 .5 4 . 23 4 . 1 5 43 .08 0 .19 z = l .536
00 45 45 .31 -00 01 24 .2 4.31 4 . 1 8 54.51 [HB89]
0054+144 blank c:00 54 31 .94 14 29 58.6 5 .69 4 . 72 60 .59 0.21 z = . 171
0056-001 T 1412.5 b:00 56 31 .77 -00 09 18.1 4 .28 4 . 1 5 4 1 .7 4 0 . 20 z=.717
A 8 . 4 00 56 31 .76 -00 09 7 . 1
B 1399.8 00 56 31 .76 -00 09 18.8 4 . 28 4 . 1 5 4 0 . 66
C 4 . 7 00 56 32 .02 - 00 09 39 .6
SI 13.3 00 56 37 .74 -00 10 17.3 4 .31 4 . 1 7 32 .86 r = l .78
0100+099 S 13.6 c:01 00 56 . 57 09 54 29.1 5 .79 5 .07 55 . 58 0 .42 z = .465
01 00 40 . 89 09 52 30 .4 6 .02 4 . 90 82.41 e=l
0103-021 S 267.4 c:01 03 49 . 9 4 -02 11 4 1 . 8 4 .56 4 . 27 38 .48 0 .22 z = 2 .201
01 03 49 . 89 -02 11 40 .6 4 .62 4 . 49 62 .20
0105-008 D2 536 .2 b:01 05 53 .36 -00 53 22.6 4 .50 4 . 3 7 41 . 47 0 .30 z = .318
A 6 .2 01 05 52 .17 -00 53 8 . 4
B 530 .5 01 05 53 . 30 -00 53 24 .0 4 . 67 4 . 3 8 4 1 . 9 4
SI 3 .7 01 05 59 .63 -00 55 19.7 5 .62 4 . 97 89 . 24 r=2 .48
0106+01 S 4340 .3 b:01 06 04 . 48 01 19 1.3 5 .77 5 . 76 45 . 16 0 . 95 z = 2 .094
01 06 4 . 50 01 19 1 . 0 5 .89 5 . 78 15.80
0112-017 C 1530.5 b:01 12 43 .91 -01 42 54 . 8 4 .67 4 . 3 2 34 .03 0 .68 z = l .365
01 12 43 .90 -01 42 54 . 7
0113-201 D 11 .2 c:01 13 4 . 5 6 -20 07 22 . 2 6.78 3 .82 11.15 0 .20 z = 1.220
A 4 . 6 01 13 5 . 15 -20 07 2 . 5
B 5 . 2 01 13 4 . 88 -20 07 40 .2
0115+027 D 529 .1 c:01 15 43 .6 4 02 42 19.8 4 .65 4 . 1 4 28.41 0 .20 z = .672
A 338 . 4 01 15 43 .55 02 42 19.8
B 190.4 01 15 44 . 07 02 42 22 .4
0118+034 T 288.9 c : 01 18 26 .05 03 28 32 .2 4 .47 4 . 2 0 34 .76 0 . 2 0 z = .765
A 153.8 01 18 24 .82 03 28 38 .9
B 31 .0 01 18 26 .12 03 28 31 .4 4 . 7 0 4 . 46 39 .38
C 97 . 7 01 18 27.53 03 28 26 .9
SI 41 .5 01 18 50.97 03 31 25 .4 5 .34 4 .87 59 .76 r = 6 .84
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°)(mJy/B) Notes
0122-00 S 1407.7 b:01 22 55.15 -00 21 31 . 2 4 . 2 6 4 .21 43 .7 1  0 . 2 9 z = l .070
01 22 55 .19 -00 21 31 .0 4 . 3 4 4.21 41 .95
SI 4 3 . 8 01 22 37.59 -00 16 4 7 . 6 6 . 1 2 4 . 8 0 - 4 3 .6 7 r = 6 .45
S2 21 .0 01 22 38.37 -00 17 29 . 2 5 . 2 9 4 .42 - 2 0 .8 6 r=5 .82
0123-226 S 362 .8 c:01 23 51 . 24 -22 38 7 . 4 6 .97 3 .87 8 . 4 9  0 .21 z= . 720
01 23 51 .29 -22 38 8 . 3 6 . 97 4 .72 6 . 40
SI 22 .7 01 23 55 .42 -22 31 37 .0 r = 6 .59
0130-171 S 611.3 c:01 30 17 .6 -17 10 10.0 6 .18 3 .72 9 . 5 3  0 . 17 Z=1 .022
01 30 17.69 -17 10 12.1 6 . 22 3 .74 9 .56
(3C48)
0134+329 S 5392.3 c:01 34 49 .83 32 54 20 .4 4 . 9 5 4 .00 7 9 . 87  0 . 4 4 z = .367
01 34 49 .83 32 54 20 . 5 4 . 9 6 4 .00 79 .66
SI 32 .6 01 34 52 .52 32 56 12.3 5 . 0 4 4 .00 75 .02 r = l .95
0137+012 T 634 .5 c:01 37 22.78 01 16 35 .2 4 . 4 2 4 .28 4 1 . 4 9  0 . 19 z = . 26
A 320 .5 01 37 23.21 01 16 4 5 . 6
B 221.9 01 37 22 .87 01 16 35 . 2
C 82 .8 01 37 22.35 01 16 20 .9
0148-202 S 58 .1 c : 01 48 14.54 -20 14 0 . 4 7 .01 3 .86 5 . 8 4  0 . 19 z = .859
01 48 14.50 -20 14 0 .0 7 . 24 4 .45 3 . 70
0155-109 S 716 .7 c:01 55 14.06 -10 58 16 .6 5 .71 3 .84 7 . 9 0  0 .35 z = .616
01 55 14.06 -10 58 16 .6 5 . 7 9 4 . 32 3 .2 5
SI 74 .4 01 54 49 .21 -10 53 52 .5 6 . 1 5 4 .88 - 1 0 .4 9 r=7.52
0157+011 S 249 .7 c : 01 57 29.38 01 10 4 0 . 7 4 . 5 5 4 . 29 37 . 05  0 .17 z = l .17
01 57 29 .47 01 10 4 2 . 0 5 .27 4 . 3 4 30 .97
SI 4 . 8 01 57 37 .10 01 14 6 .1 10.7 4 .66 3 .79 r = 3 .90
0158+18 T 341.1 b: 01 58 56 .13 18 22 9 .8 5 . 5 7 3 .92 74 .07 0 . 2 4 z = .799
A 191.5 01 58 56.00 18 22 18.1
B 78.3 01 58 56 .09 18 22 10.3
C 69 .6 01 58 56.18 18 22 3 .8
SI 5 .8 01 58 48 .06 18 18 2 9 . 3 6 . 80 5 .64 73 .98 r = 4 . 15
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m s  o ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°)(mJy/B) Notes
0158+18 T 323 .1 b:01 58 56 .13 18 22 9 . 8 4 . 2 5 4 . 0 2 - 1 0 .8 4 0 . 25  z= .799
A 193 .9 01 58 55.91 18 22 18.1
B 59 .8 01 58 56 .09 18 22 10 .3
C 6 6 . 9 01 58 56 .18 18 22 3 . 8
0159-117 D2 1272.4 a:01 59 30.40 -11 47 0 . 0 4 . 1 6 3 .81 38.83 0 . 8 4  z= .669
A 1239.8 01 59 30 .40 -11 46 58 .7 4 . 6 4 3 .89 30.05
B 32 .3 01 59 30 .75 -11 47 11.7 5 .76 3 . 75 14.59
(3C57)
0159-117 D2 1220.9 c:01 59 30 .4 -11 47 0 . 0 4 .83 4 .01 31.81 0 . 58  z = .669
A 1191.4 01 59 30.40 -11 46 58 .7 5 .16 4 . 1 2 27.09
B 28 .2 01 59 30.67 -11 47 11 .7
0159-200 S 157.0 c:01 59 52 .28 -20 02 4 4 . 8 7 .04 3 . 86 4 . 94 0 .21  z = .493
01 59 52 .30 -20 02 4 5 . 0 6 .96 3 .87 5 .13
0202+319 S 93 8 . 8 c:02 02 9 .66 31 58 10 .8 4 . 9 8 3 . 88 84 .52 0 . 39  z = l .466
02 02 9 .67 31 58 10 .4 4 . 98 3 .89 84 .52
0202+319 S 89 8 .5 c:02 02 9 .66 31 58 10 .8 4 . 0 7 3 . 8 7 -20 .1 8 0 .16  z = l .466
02 02 9 .66 31 58 10 .4 4 . 08 3 .87 - 20 .3 8
SI 3 . 3 02 02 9 .86 31 58 59 .8 8 .26 5 . 20 -75 .7 0 r=0.82
0215+015 S 1323.3 c : 02 15 14.08 01 31 0 . 2 6.31 4 .81 58.68 0 .7 0  z = l .3447
02 15 14.19 01 31 1 .3 6 .32 4 . 8 2 58.51
0215-16 C 40 0 . 6 c :02 15 34 .74 -16 44 59 .3 6 .63 3 . 88 0 .60 0 . 23  z = .516
02 15 34.70 -16 44 59 .0
0222+000 S 95 .3 c : 02 22 34 .2 00 03 38 .0 6 .66 5 . 38 55.90 0 . 2 5  z = .523
02 22 34.20 00 03 36 .7 6 .69 5 . 37 57.25
SI 3 .7 02 22 35.93 00 01 2 5 . 4 7 .5 6 5 .06 81.21 r = 2 .23
0222-008 D 409 .8 a: 02 22 34.63 -00 49 03 .4 7 .59 5 . 6 2 55.53 0 . 2 4  z = .687
A 70 .4 02 22 34.20 -00 49 6 . 0
B 340 . 2 02 22 34.98 -00 49 2 . 1
SI 3 . 9 02 22 30.90 -00 49 43 .7 8 .92 5 .49 56.30 r = l .14
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Table 1: C Array Flux (continued)
Position(1950) Clean Beam
Source
Flux R.A. Dec. Maj,. Min.
(mJy) h m s 0 / n (") (")
147 .4 n : 02 23 34 .9 01 16 03 .0 6 .6 4 5 .40
02 23 35 .02 01 16 0 .1 6 .72 5 .67
173 .1 c :02 25 35 .03 -0 1 29 3 .9 7 .94 5 .29
40 .3 02 25 34 .25 -01 28 60 .0 9 .91 6 .85
136 .4 02 25 35 .0 3 -01 29 3 .9 8,.41 7 .11
718 .8 b : 02 26 22 .06 -0 3 50 58 .0 7,,82 5 .99
02 26 22 .01 -0 3 50 59 .0 7,.90 6 . 13
6 .4 02 26 3 .51 - 0 3 53 23 .3 8..55 4 .99
682 .9 c :02 29 27 .24 34 10 34 .1 4..85 3 .64
636 .2 02 29 27 .00 34 10 56 .0 5..22 4 .10
48 .1 02 29 27 .42 34 10 9 .2
737 .1 c :02 29 27,. 24 34 10 34..1 3..99 3 .66
692 .3 02 29 27 .00 34 10 56 .0
43. .1 02 29 27..31 34 10 9,.2
4,,8 02 29 14,,53 34 13 41. .1 4. 56 4 .23
48, .8 02 30 3,. 15 34 11 51, .6 1 0 . 6 6 .74
323, .6 a;: 02 33 0.,56 - 0 2 32 34. .8 7. 64 6,.68
02 33 0,.39 -0 2 32 36. .1 10 .1 6,.81
573. .5 b:: 02 37 13.,68 -0 2 47 32. .3 6. 70 5,.61
02 37 13..69 -0 2 47 33. ,0 6. 74 5..61
24. ,1 02 37 20..72 -0 2 42 35. .3 6. 87 5..47
949. .9 n::02 56 47 . ,0 07 35 45 . 3 5. 66 4. .92
02 56 46. 99 07 35 45. 2 5. 68 4. ,94
409. 5 b: 03 00 39. 52 -0 0 26 39. 8 4. 25 4. 20
109. 9 03 00 39. 60 - 0 0 26 36. 1
324. 7 03 00 39. 60 -0 0 26 42 . 6
21. 3 03 00 25. 82 -00 23 17. 2
355. 1 b: 03 12 52. 04 -03 27 49 . 8 4. 24 4. 10
171. 4 03 12 52. 17 -03 27 31. 8 5. 79 4 . 39
6. 8 03 12 52. 00 -03 27 50. 0 5. 36 4. 14
177. 8 03 12 51. 65 -03 28 10. 8
































56 .21 0 .27  [PKS90] 
51 .34
60 .29  0 . 2 3  z = 2 .037
45 . 99
80 . 82
5 3 .7 4  0 . 29  z = 2 .064  
53 . 54




r = 7 .47
4 8 .1 4  0 .27  z = l .322 
66 .06
54.41 0 . 4 3  z = l .116  
53 .32
4 0 .9 2  r = 5 .26
5 5 . 45  0 .31  [S0VERS88] 
55 .57
43 .81  0 .25  z = .693
r = 4 .84
41 . 87  0 .23  z = l .072
13.19
27 .33
r = 4 .55
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") ( ° ) ( m J y / B )  Notes
0317-02 S 294.1 c :03 17 56 .50  -02 19 24 .0 7 .41 5 . 5 4 - 3 0 . 5 4 0 . 2 5 2=2.092
03 17 56 .83 -02 19 26 .3 7 . 8 5 5 . 8 4 - 2 1 . 9 4
SI 12.6 03 17 52 .49  -02 16 45.1 9 .87 7 .16 18 .60 r = 2 . 90
0336-01 S 1782.4 b:03 36 58 .97  -01 56 16 .3 4 . 4 6 4 . 17 37 .73 1 .09 z = .850
03 36 58 .91  -01 56 17.0 4 . 6 5 4 . 1 7 37.31
0340+04 D 917 .2 b:03 40 51 .5 4  04 48 21.7 4 . 8 2 4 . 4 0 - 3 9 . 8 2 0 . 3 4 z=.357
A 427.0 03 40 52.21 04 48 35 .0
B 48 4 .0 03 40 50 . 82  04 48 11.6
(3C94)
0350-073 T 700 .3 c:03 50 4 . 0 2  -07 19 55 .8 4 . 6 0 4 . 0 7 34 .8 4 0 . 48 z = .962
A 73 .4 03 50 2 . 86  -07 19 54 .7 5 .13 4 .4 8 56 .39
B 11.0 03 50 4 . 0 0  -07 19 57 .3 4 . 4 7 4 . 09 4 0 . 08
C 612 .5 03 50 5 .75  -07 19 58 .6 5 .16 4 . 5 4 76 .85
0352+12 S 267 .9 b : 03 52 59 .25 12 23 3 .5 4 . 8 8 4 . 8 0 48 .3 2 0 .21 z = l .616
03 52 59 .20  12 23 5 .3 5 .69 4 . 9 8 - 7 9 . 1 3
SI 53 .4 03 53 1.69 12 30 33.8 6 . 0 0 4 . 8 3 12.40 r=7.50
0403-132 S 2920 .7 c :04 03 13 .98 -13 16 17.9 4 . 66 3 .76 31 .52 1.05 z = .571
04 03 13.98 -13 16 19 .4 4 . 9 6 3 . 80 31 .58
SI 73.3 04 03 36 .99  -13 14 52 .3 5 .09 4 . 0 9 48 . 09 r=5.78
0404+177 D 190.9 b : 04 04 36 .15  17 42 52.5 4 . 95 4 . 5 9 54 .69 0 .25 z = l .712
A 13.8 04 04 36 . 20  17 42 55.3
B 178.0 04 04 36 .75 17 42 59 .2 5 .26 4 . 6 8 55 . 30
0405-123 T 1547.2 c :04 05 27 .45 -12 19 31.8 4 . 91 3 .97 30.77 0 . 4 3 z = .574
A 328 .9 04 05 27 .68  -12 19 13.8 5 .77 4 . 4 9 33 .95
B 1000.8 04 05 27 .50  -12 19 32 .0 4 . 9 9 3 .99 31 . 34
C • 214 .7 04 05 27 .23 -12 19 45.0 7 .48 6 . 24 - 7 1 .2 1
0414-189 S 463 . 8 c :04 14 23 .35  -18 58 29.7 4 . 85 3 .70 29 . 79 0 .23 z = l .536
04 14 23 . 35  -18 58 29.7 4 .87 3 .70 29 . 89
0415-200 blank c : 04 15 6 . 42  -20 02 10.3 z = .604
0420-01 S 3942.2 b : 04 20 43 . 56  -01 27 28 .4 4 .63 4 . 40 39 .20 1.71 z = .914
04 20 43 .5 9  -01 27 28 .0 4 . 6 4 4 . 3 8 34 . 75
50








Maj. Min. PA Limit 




689 .2  b :04  21 32 .7 0  
04 21 32 . 70  
2 . 4  04 21 22 .21
8 . 8  04 21 50 .3 0
01 57 32 .9  4 . 4 6  4 . 2 1  38 . 0 6  0 .39  z=2.048
01 57 3 3 . 0  4 . 5 1  4 . 1 9  31 .84
01 57 4 0 . 8  4 . 0 7  3 . 5 8  - 6 2 . 1 9  r=2 .62
01 55 17.8  6 . 6 4  4 . 4 2  86 .49 r=4.94
0430+052 S 41 18 .2  n : 04 30 31 .6
04 30 31 .6 0
05 14 59 .7  4 . 2 6  4 . 0 2  
05 14 59 .5  4 . 2 7  4 . 0 4
3 8 . 17  1 .30 G(Syl)








1553.1 c : 04  40 5 . 3 1  - 0 0  23 20 .6  4 . 5 3  4 . 0 6
04 40 5 . 3 0  -00  23 21 .3  4 . 5 3  4 . 0 7
9 . 0  04 39 56 .89  -00  24 8 .1  4 . 9 1  4 . 2 2
44 9 .6  b :04  45 37 .07  
04 45 37.01
09 45 36 .2  4 . 1 9  4 . 0 3  
09 45 37 .0  4 . 4 5  4 . 0 4
102.8 c :04  46 4 9 .2 2  -20  49 55 .8  5 .51  3 . 67
18 .6  04 46 4 7 .3 5  -2 0  49 49 .5
6 7 . 6  04 46 4 9 .2 0  -2 0  49 56 .0  5 . 6 5  3 .76
16.5  04 46 5 0 . 96  -20  49 58 .6  5 . 7 2  3 . 92
3 4 . 64  0 .51  z = .844  
33 .76
36 .39  r = 2 .24
37 .9 3  0.31  z = 2 .110
49 .01







222 .1  c :04 50 36 .91 -22  06 14.1 5 . 5 0  3 . 5 2
135.7 04 50 36 .71 -22  06 8 . 8  5 . 9 2  4 . 4 8
20 .3  04 50 36.71 -22  06 12.7
73 .6  04 50 37 . 37  -22  06 19.2  7 . 0 8  5 . 0 2
22 .68  0 .21 z = .898  
9 .4 5




361 .8 b : 04 54 
04 54
7 . 9  04 54
8 .91  03 56 14.6  4 . 2 4  4 . 0 2
8 . 99  03 56 13.7  4 . 3 2  4 . 0 0
3 . 17  03 56 9 . 8  5 . 6 7  4 . 7 3
37 .59  0 . 24  z = l .349 
23 .55
4 0 .1 8  r = l .45
S 1322.9 b : 04 57 15 .55 02 25 6 .1  4 . 2 6  4 . 1 3  40 .3 5  0 .80  z=2.382  
04 57 15.50  02 25 4 . 0  4 . 3 9  4 . 1 3  31 . 16
0458-02 2132.1 c :04 58 4 1 . 2 8  -02  03 34 .5  4 . 4 3  4 . 08  
04 58 41 . 3 0  -02  03 35 .3  4 . 5 5  4 . 1 0





48 6 . 0  c :05 04 59 .26  
05 04 59 .20
6 . 3  05 04 49 . 05
4 . 2  05 05 11.61
03 03 59 .0  4 . 3 5  4 . 0 7  36 .29 0 .35  z=2.463
03 03 57 .7  4 . 4 2  4 . 3 1  16.37
03 02 4 6 . 2  7 . 8 1  4 . 5 6  - 7 4 . 8 9  r=2 .80
02 59 59 .8  6 . 7 9  3 .51  - 7 0 .1 3  r=4.99
51






m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°)(m Jy /B ) Notes
(3C138)
0518+165 S 3765.2 c :05 18 16 .51 16 35 26 .2 4 . 2 2 4 . 1 3 29 .59 0 .53 z = .759
05 18 16.53 16 35 26 .9 4 . 2 3 4 . 1 3 31 .25
SI 69.1 05 18 5 .9 5 16 34 37 .5 4 .4 1 4 . 1 8 51 .64 r = 2 .67
S2 36 .6 05 18 31 . 90 16 33 33 .8 5 . 25 4 .21 - 6 3 .0 1 r = 4 . 14
0534-201 S 190.3 c :05 34 12.86 -20 07 18.9 5 .32 3 .63 24 .64 0 .29 z = .995
05 34 12.89 -20 07 20 .3 6 .21 3 .71 23 .53
0537-158 S 489 .9 n:05 37 17.1 -15 52 4 . 1 5 . 1 0 3 .79 26 .86 0 .38 z —.947
05 37 17.16 -15 52 4 .1 5 . 48 3 .86 30 .52 [HB89]
0557-16 D 155 .4 c :05 57 27 .19 -16 52 18.4 5 .25 3 .67 23.51 0 . 2 5 z = l .24
A 99 .0 05 57 26 .29 -16 52 11 .5 5 .71 4 . 20 21 .53
B 54.7 05 57 27 .47 -16 52 20 .6 9 .23 5 .96 - 5 3 .2 6
SI 3 .5 05 57 28 .20 -16 51 4 9 . 4 6 .19 3 .38 23 .52 r=0 .55
0602-31 C 1055.4 c :06 02 22 .5 -31 55 48 .0 6 .18 3 . 58 22.06 0.41 z=.452
06 02 22 .49 -31 55 37 .6
0606-223 S 512.2 c :06 06 53 .42 -22 19 47 .2 5 .68 3 .62 22 . 04 0 .39 z=1.926
06 06 53 .38 -22 19 46 .2 5 .70 3 . 64 21.89
0657+176 T 119.0 c :06 57 3 7 . 14 17 40 8 .3 4 .47 4 . 3 9 - 5 6 . 7 4 0.21 z = .722
A 49 .7 06 57 37 .19 17 40 21.0
B 24 .4 06 57 37 . 10 17 40 8 .0
C 44 .4 06 57 37 .01 17 40 2 .8
(3C175.0)
0710+118 T 677.6 c :07 10 15.38 11 51 23.9 4 . 82 4 . 7 4 - 4 7 .8 9 0 .25 z = .768
A 281 .6 07 10 13.88 11 51 7 .4
B 28.7 07 10 15.39 11 51 24.3 5 .34 4 . 89 61 .74
C 366.1 07 10 16.63 11 51 33 .4
(3C181)
0725+147 D 635.3 c : 07 25 20 . 36 14 43 47 .2 4 . 73 4 .56 - 5 3 .7 6 1.24 z = l .382
A 241 .3 07 25 20 .17 14 43 47 . 6
B 393 .4 07 25 20 .4 4 14 43 45 .0
0741+169 S 154.3 c : 07 41 3 . 5 8 16 55 24.4 4 . 72 4 . 46 - 5 7 .6 4 0 .18 z = l .894
07 41 3 .60 16 55 24 .0 4 .93 4 .52 - 5 6 .8 4
SI 21 .5 07 41 2 0 . 95 16 51 25.5 5 .12 4 .19 - 5 2 .9 2 r= 5 .75
S2 35.1 07 41 29.21 16 55 59.9 5 .25 4 . 5 4 - 8 0 .1 2 r = 6 . 15
52








Maj. Min. PA Limit 
(") (") (° )(m Jy /B ) Notes
0742+103 S 3561.0
0802+10 S 483 .9
SI 30.6























C 6 . 2
51 2 .9
52 2 . 2
n: 07 42 4 8 . 5 10
07 42 4 8 .4 7 10
00oa 02 3 . 8 4 10
08 02 3 . 8 0 10
08 01 53 .4 0 10
00o£ 05 19.20 04
08 05 19.20 04
o o CO 14 38 . 15 22
08 14 37 .92 22
08 14 38 .20 22
08 14 38 .29 22
08 14 23 .26 22
00o£ 23 13.6 03
08 23 13.54 03
08 23 9 . 4 3 03
o o CO 27 10 .95 19
08 27 11 .55 19
08 27 11 .00 19
08 27 10 .54 19
COo& 28 15.31 -03
08 28 15.31 -03
08 28 15.40 -03
08 28 12.79 -03
o o CO 30 35 .7 11
08 30 52.47 11
o o 00 36 15.0 19
08 36 15.37 19
08 36 15.00 19
08 36 14.82 19
08 36 18.59 19
08 36 24 .84 19
18 33 .0  5 .19  5 . 08  
18 32 .6  5 . 19  5 .08
23 57 .6 5 . 07 4 .71
23 56 .7 6 .84 4 . 8 9
31 18.7 5 . 55 4 . 42
41 20 .0 5 .64 5 .49
41 20.0 6 .05 5 .58
46 38 .6 4 . 78 4 . 3 4
46 49 .7
46 38.0 5 . 06 4 . 5 6
46 26.3
43 17.8
19 15 .4 4 .49 4 . 12
19 15.3 4 . 4 9 4 . 12
24 37 .8




30 36 .4 4 . 6 5 4 . 1 4
30 35 .1
30 39 .0
33 12 .4 4 . 4 2 3.91
15 30.0 5 .94 5 .01
12 0 .1 5 .66 4 . 98
32 24 .4 5 .04 4 . 3 6
32 38.0
32 25 .0 5.11 4 . 48
32 6 .8
29 30 .8 6 .93 4 .71
34 42 .8 5 .65 5 .19
- 4 6 . 9 2  0 . 2 5  RadioS 
- 4 7 . 0 8  [PKS90]
- 5 7 . 8 4  0 .21  z = l .952  
- 1 7 .1 9  
- 0 . 6 6  r=7 .80
- 4 7 . 0 8  0 . 23  z = 2 .877  
- 4 9 .4 6
- 6 8 . 1 4  0 .21  z = .98  
- 5 2 .4 5
r=4.80
- 3 3 . 8 4  0 . 2 0  z = 0 .506  
- 3 3 .9 5  [RUSSELL91] 
r = 5 .47
- 7 3 . 7 9  0 . 1 9  z = .658
- 3 3 . 6 2  0 . 1 9  z=?
- 3 7 . 0 2  r = 2 .65
- 5 5 . 7 5  0 . 8 6  z = .589 
- 5 0 . 8 9  e=10
- 7 4 . 1 3  0 . 1 8  z = l .691
- 7 5 .7 8
- 5 8 . 6 7  r=3.02
69 .11 r = 3 .26
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Maj. Min. PA Limit 
(") (") (° )(m Jy /B ) Notes
(3C207)
0838+133 C 1155.0 c:08 38 1.72 13 23 5 . 6 5 .40 4 . 6 5  - 5 9 . 7 5 0 . 2 6 z = .684
08 38 1.79 13 23 6 .3
0839+187 S 871.1 c:08 39 14.1 18 46 27 . 0 5 .24 4 . 5 9  - 5 8 . 7 9 0 . 18 z = l .27
08 39 14.09 18 46 27 .3 5 . 24 4 . 6 0  - 5 8 . 8 4
SI 3 . 2 08 39 14 .27 18 46 50 .7 6 .08 5 . 5 2  63 .76 r=0 .39
0843+13 S 166.2 c:08 43 1.22 13 39 55 .9 5 .45 4 . 5 9  - 6 3 . 0 5 0 . 1 7 z = l .875
08 43 1.20 13 39 56 .0 5 .68 4 . 7 6  - 7 4 . 5 5
SI 22 .5 08 42 58.52 13 40 48 .0 r=0.97
0845-051 S 33 4 .0 c :08 45 29 .55 -05 09 26 .7 4 .66 4 . 1 4  - 3 4 . 9 0 0 . 2 2 z = 1.242
08 45 29.55 -05 09 26 .7 4 . 7 7 4 . 1 9  - 3 1 .7 1
0846+09 T 180 .4 c:08 46 57 .3 10 00 42 .0 5 .52 4 .9 5  - 5 5 . 3 0 0 . 16 z = .366
A 73 .8 08 46 58.83 10 00 51 .5
B 29 .6 08 46 57.60 10 00 33 .3
C 76 .7 08 46 56.37 10 00 9 .9
SI 11 .5 08 47 7 .5 5 10 01 46 .1 5 .56 4 . 9 0  - 5 1 . 1 8 r = 2 .73
(3C208)
0850+140 D 549.0 c:08 50 22 .79 14 03 58 .3 5 .49 4 . 8 3  - 5 8 . 4 0 0 . 2 7 z = l .110
A 125.1 08 50 22.39 14 04 17.0 e= l
B 423 .5 08 50 23.11 14 04 18.5
SI 6 .9 08 50 12.91 14 00 38 .0 6 .45 5 .25  - 8 2 .9 1 r=4 .33
S2 15 .7 08 50 26.21 14 10 20 .0 6 .16 5 . 26  - 2 8 . 0 7 r = 6 . 13
(LB9013)
0856+170 D 164.2 c : 08 56 4 . 0 9 17 03 9 .1 5 .29 4 . 4 9  - 6 3 . 5 5 0 .1 8 z = 1.449
A 123.5 08 56 3 . 94 17 03 2 . 8
B 48 .8 08 56 4 . 4 8 17 03 9 .3
SI 4 . 3 08 55 56.51 17 00 45 .0 6 .02 4 . 4 7  - 4 8 . 2 7 r = 3 .01
0902-256 S 325.2 c : 09 02 40 .83 -25 40 50 .9 7 .94 3 . 55  - 4 . 7 6 0 . 4 0 z = l .635
09 02 40 .93 -25 40 52 .2 7 .98 3 .57 - 4 . 6 3
0903+16 T 442 .9 c:09 03 44 .16 16 58 15 .7 5.18 4 .41  - 6 5 . 1 8 0 .19 z = .411
A 190.6 09 03 43 .35 16 58 34 .1
B 148.3 09 03 44 .79 16 58 13.3
C 101.7 09 03 44 .70 16 58 5 .5
Table 1: C Array Flux (continued)
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Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 i n (") (") ( ° ) ( m Jy/B ) Notes
0906+015 D2 9 5 1 .6 c :09 06 35 . 19 01 33 48 .2 4 . 41 4 . 03 - 4 . 8 7 0 . 4 0 z = l .018
A 942.1 09 06 35 .19 01 33 48 .1 4 . 4 5 4 . 03 - 4 . 3 7
B 9 .1 09 06 36 . 06 01 33 4 6 . 8 4 . 6 8 3 .80 - 1 0 . 7 8
0907-023 S 360 . 6 b:09 07 13.11 -02 19 15 .9 4 . 2 7 4 . 1 9 - 4 3 . 2 6 0 . 20 z = .957
09 07 13.10 -02 19 15 .7 4 . 3 7 4 . 21 - 3 3 . 9 2
SI 3 . 5 09 07 14.57 -02 23 39 .6 6 .39 4 . 0 6 - 1 4 . 2 4 r=4.41
S2 12 .4 09 07 2 4 . 55 -02 21 42 .6 6 . 1 2 4 . 59 - 6 . 6 6 r=3.76
(4C05.38)
0911+053 T 194.4 c :09 11 24 .0 05 20 17.0 5 . 8 8 5 .55 - 4 8 . 9 6 0 . 09 z = .303
A 15 .5 09 11 25 .48 05 22 6 . 2
B 8 0 . 8 09 11 23.91 05 20 17.0 6.01 5 .62 - 4 5 .2 5
C 98 .5 09 11 24 .09 05 19 12.0
0913-025 T 172.4 b: 09 13 49 . 01 -02 32 3 . 0 4 .11 4 .09 - 4 4 . 5 9 0 . 15 z = l .203
A 109.1 09 13 48 . 5 9 -02 32 6 .2
B 2 2 . 2 09 13 4 9 . 0 6 -02 32 3 . 4 5 .33 4 . 33 54 .72
C 38 . 0 09 13 49 .5 3 -02 31 57 .8
SI 5 . 8 09 13 26 .27 -02 30 15.6 r = 5 .92
0915-213 S 4 3 2 .8 n: 09 15 10.4 -21 18 56 .3 7 . 24 3 .72 - 5 . 9 2 0 . 3 3 z = .847
09 15 10.53 -21 18 58 .5 7 .48 3 . 86 - 4 . 6 8 [HB89]
0919-260 S 1569.9 c:09 19 16.67 -26 05 53.5 7 . 9 0 3 .71 - 8 . 7 0 0 . 8 9 z = 2 .30
09 19 16.71 -26 05 54.6 7 . 97 3 .79 - 8 . 7 8
SI 9 . 6 09 19 15 .74 -26 08 25 .4 9 .57 4 . 3 2 - 7 . 9 9 r = 2 .46
S2 7 . 4 09 19 17.00 -26 02 48 .7 9 . 22 3 .66 - 1 1 . 9 r = 3 .10
S3 8 . 4 09 19 30 .12 -26 06 49 .1 10.7 4 . 83 12.54 r = 3 .15
0922+14 T 156.5 c : 09 22 22.41 14 57 23.2 4 . 26 4 . 04 - 1 . 5 0 0 . 4 5 z = .896
A 73 .3 09 22 22 .67 14 57 43 .8 5 .15 4 .51 - 8 5 .3 3
B 33 .0 09 22 22 .13 14 57 23 .0 4 . 37 4 . 12 26 .78
C 4 6 . 2 09 22 2 1 . 68 14 57 6 .1 6 .03 5 .08 - 2 8 . 4 2
0922+005 S 48 3 . 9 b: 09 22 33 .72 00 32 12 .4 4 .68 4 .06 - 1 0 . 4 1 0 . 39 z = l .720
09 22 33 .70 00 32 13.3 4 .69 4 .07 - 1 0 .0 9
0926+11 D 124.9 n:09 26 1 .0 11 47 32 . 4 4 . 32 3 .92 - 1 0 . 6 1 0 . 36 z = l .755
A 102.5 09 26 1.28 11 47 34 .6 [HB89]
B 26 .7 09 26 1.01 11 47 30.7
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m s  o i „
Clean Beam 
Maj. Min. PA 
(") (") (°) (
Limit 
mJy/B)  Notes
0932+02 D2 26 0 .7 c:09 32 42 .93 02 17 39 .6 4 . 6 4 4 . 06 - 1 2 .8 2 0 . 5 4 2=.659
A 122.7 09 32 42.93 02 17 4 0 . 9
B 137 .4 09 32 40.85 02 17 14 .9
0952+097 D 154.1 a: 09 52 17.16 09 44 8 . 8 4 . 4 2 3 . 9 2 - 8 . 0 7 0 . 2 4 2= .298
A 62 .9 09 52 16.72 09 44 14 .0
B 21 .0 09 52 17.16 09 44 7 . 5
B 67 . 6 09 52 17.34 09 44 6 . 2
0952+35 T 145 .0 c :09 52 49.3 35 47 3 7 . 7 3 . 82 3 .51 23.97 0 . 19 2=1.241
A 81 .9 09 52 48.23 35 47 3 8 . 0 4 . 03 3 .71 42 .42
B 14.0 09 52 49 .30 35 47 3 8 . 0 4 . 43 3 . 87 67.27
C 48 .6 09 52 49.73 35 47 3 8 . 0 4 . 1 3 3 .97 14 .84
0953+254 SJ 564 .4 c:09 53 59.75 25 29 3 3 . 5 4 . 15 3 .79 11.18 0 .2 6 2=.712
09 53 59.74 25 29 3 3 . 6 4 . 1 6 3 .81 12.24
0957+00 T 293.5 c:09 57 43 .84 00 19 5 0 . 0 4 . 8 2 4 .11 - 1 5 .5 9 0 . 3 4 2=.907
A 119.3 09 57 42.59 00 19 4 9 . 0
B 70 .6 09 57 43.80 00 19 4 7 . 7 5.21 4 .31 - 1 7 . 92
C 93.1 09 57 44 .58 00 19 4 2 . 5
1004-217 S 284 .5 c : 10 04 25 .40 -21 44 4 4 . 0 6 .29 3 . 73 - 16 .4 9 0 . 3 9 2=.331
10 04 25.49 -21 44 5 5 . 7 6 .50 3 .87 - 1 9 .1 8 e=10
1004-018 S 513 .2 b: 10 04 31 .72 -01 52 2 9 . 6 4 . 9 8 4 .21 - 1 6 .3 4 0 . 42 2=1.212
10 04 31.70 -01 52 29 .7 5 . 0 4 4 . 2 3 - 1 6 .2 6
1004+13 T 46 9 .2 c: 10 04 45 .05 13 03 37 .1 4 . 2 3 3 . 96 - 7 . 2 2 0 . 35 2=.240
A 248.5 10 04 40.92 13 04 9 . 5
B 33 .4 10 04 45.01 13 03 37 .0 4 .51 4 . 33 - 13 .2 0
C 209 .4 10 04 45.90 13 03 26 .6
1009-321 S 148.3 c : 10 09 41 .8 -32 08 4 5 . 0 7 .07 3 .46 - 1 7 .2 2 0 . 34 2=1.757
10 09 41 .80 -32 09 7 .1 7 . 3 5 3 .53 - 17 .1 2 e=10
1012+022 D 245 . 3 b: 10 12 40.80 02 13 4 9 . 3 4 . 45 4 . 13 - 2 8 .5 0 0 .26 2=1.374
A 78 .7 10 12 40.71 02 13 5 0 . 0
B 166.2 10 12 41.15 02 13 50 .0 4 . 74 4 . 30 - 6 0 . 28







m s  o ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (° )(m Jy /B ) Notes
1020+191 S 339.1 c: 10 20 11 .9 19 08 4 6 . 0 4 . 1 0 3 . 8 9 3 .26  0 .38 z = 2 .136
10 20 11.86 19 08 4 4 . 8 4 . 1 6 3 .92 3 .35
1021-00 S 81 0 . 4 b: 10 21 56 .19 -00 37 41 .1 4 . 5 9 4 . 1 3 - 2 7 .5 4  0 .26 z = 2 .547
10 21 56 .20 -00 37 4 1 . 0 4 .61 4 . 1 4 - 25 .0 5
SI 16 .4 10 21 53 .34 -00 42 2 1 . 8 5 . 3 9 4 .3 9 - 1 6 .4 4 r = 4 .73
1022+194 C 608 .6 a: 10 22 01 .38 19 27 3 5 . 3 4 . 2 0 3 . 93 3 . 6 0  0 . 36 Z=.828
10 22 01 .47 19 27 35 .3
1023+06 T 214 .7 b: 10 23 55 .13 06 42 50 .5 4 . 2 5 4 . 07 - 3 5 .2 7  0 . 19 z = l .699
A 61 .9 10 23 54 .93 06 42 56 .5
B 65 .8 10 23 55 .10 06 42 5 0 . 0
C 85 .9 10 23 55 .36 06 42 46 .1
1038+064 S 1043.7 a: 10 38 40 .87 06 25 58 .6 4 . 1 5 4 . 0 8 - 4 0 .2 4  0.41 z = l .270
10 38 40 . 87 06 25 58 .6 4 . 1 9 4 . 10 - 3 0 . 23
1040+123 C 1607.4 a: 10 40 06 .02 12 19 15 .9 4 . 1 9 3 .97 - 3 0 .9 7  1.00 z = i .029
10 40 06 .02 12 19 14 .6 5 . 0 6 4 .19 - 7 7 .6 5
1046+053 D 111 .2 a: 10 46 56 .63 05 21 2 5 . 6 4 . 50 4 . 03 - 2 2 .3 6  0 .20 z = l .115
A 63 .9 10 46 56 . 20 05 21 25 .6
B 47 .3 10 46 56 .80 05 21 24 .3
SI 3 . 2 10 46 53.41 05 20 4 9 . 2 6 . 26 4 . 1 5 - 3 4 .8 4 r = 0 .99
1047+09 T? 119.9 b: 10 47 48 .95 09 41 4 7 . 7 4 .31 4 .03 - 3 2 .1 6  0 .17 z = . 7 8 6
A 11 .0 10 47 48 .55 09 42 2 .3
B 107.3 10 47 49 .16 09 41 4 1 . 5
SI 17.9 10 47 45 .03 09 42 12.7 6 . 2 7 4 . 1 5 - 5 9 .5 8
1049-09 T 733 .7 c: 10 48 59.41 -09 02 13 .6 5 . 1 4 3 .98 - 2 1 .4 8  0 .30 z = .344
A 315 .5 10 48 57 .38 -09 01 55 .0
B 61 .6 10 48 59 .40 -09 02 14.5 5 .35 4 . 17 - 2 4 .4 9
C 354.6 10 49 02 .03 -09 02 38 .5
SI 138.2 10 48 46 .13 -09 07 38 .5 5 . 53 4 .41 - 7 . 9 2 r = 6 .32
1050-184 S 241 .0 c: 10 50 06 .9 -18 29 21 .0 6 . 9 7 3 . 69 - 0 . 1 3  0 . 24 z = .544
10 50 07 .45 -18 29 21 .0 6 . 99 3 .70 - 0 .1 3 e=10
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (° )(m Jy /B ) Notes
1055+018 T 3016.0 b: 10 55 55 .33 01 50 3 . 4 4 . 2 2 4 . 01  - 2 8 .0 6 0 .4 2  z = .888
A 11 .5 10 55 55 . 14 01 50 15.2
B 2974.9 10 55 55 .32 01 50 3 . 5 4 . 2 3 4 . 0 1  - 2 8 .2 0
C 28 .9 10 55 55 .23 01 49 45 .3
1057+05W S 2 16 .0 xi: 10 57 36 .3 05 00 08 .0 4 . 4 1 3 . 9 6  - 2 5 .0 5 0 . 2 8  [PKS90]
10 57 36 .27 05 00 7 . 5 4 . 4 4 3 . 9 9  - 2 3 .1 5
1058+10 T 220 .9 c: 10 58 10.8 11 02 19.4 4 . 1 2 3 . 9 4  - 3 4 .8 5 0 . 1 9  z = .423
A 9 3 . 9 10 58 09.65 11 02 22 .3
B 70 .3 10 58 10.62 11 02 21 .0
C 56 .8 10 58 11.95 11 02 19.7
SI 8 . 5 10 58 13.27 11 03 1 .3 r=0.93
1103-006 T 44 4 . 0 a: 11 03 58 .24 -00 36 38 .8 4 .4 6 4 . 1 7  - 2 9 .2 7 0 . 2 2  z = .426
A 130.6 11 03 57 .72 -00 36 32 .3
B 196 .4 11 03 58 . 24 -00 36 38 .8 6 . 40 4 . 6 6  - 4 4 .9 5
C 113.2 11 03 58 .76 -00 36 44 .0
SI 7 . 1 11 03 44 .46 -00 33 10.8 12.0 6 . 0 0  - 7 7 . 71 r = 4 .89
1104+058 T 159 .3 b: 11 04 40 .59 05 49 22 .2 4 . 3 2 4 . 0 5  - 3 1 . 77 0 . 17  z = .881
A 53 .9 11 04 40 .77 05 49 26 .2
B 44 .1 11 04 40 .60 05 49 21 .0
C 5 9 . 2 11 04 40 .25 05 49 14.5 5 . 62 4 . 7 4  53.59
SI 2 0 . 7 11 04 40 . 43 05 49 43.1 r=0 .48
1104+16 T 581 .7 b: 11 04 36 .66 16 44 17.1 4 . 12 4 . 0 7  - 4 0 . 16 0 . 33  z = .634
A 84.1 11 04 36 .52 16 44 36.5
B 40 8 . 4 11 04 36.61 16 44 17.0 4 .21 4 . 0 8  - 2 0 .2 3
C 8 8 . 2 11 04 36.79 16 43 57 .5
1110-217 S 696.3 n: 11 10 21 .7 -21 42 10.0 7 .48 3 . 7 6  - 2 . 2 5 0 . 2 6  RadioS
11 10 21.72 -21 42 9 .6 7 .48 3 .7 6  - 2 . 2 5 [PKS90]
1111+149 S 444 .1 c : 11 11 21 .27 14 58 47 .7 4 . 08 3 . 8 6  - 3 1 . 66 0 . 4 7  z = .869
11 11 21.27 14 58 47 .7 4 .13 3 .90  -29 .3 7
1116+12 S 1524.1 b : l l 16 20.77 12 51 7 . 2 4 . 08 3 .87  - 3 0 . 0 7 1.29 z = 2 . 117
11 16 20.80 12 51 7 .3 4 . 2 8 3.91 - 3 5 .0 3
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m s  o i a
Clean Beam
Maj. Min. PA Limit 
(") (") (°) (m Jy/B ) Notes
1118+128 T 99 .4 a: 11 18 53 .43 12 52 44 .5 4 .11 3 . 9 8 - 3 4 . 3 7 0 .20 z = .685
A 55 .5 11 18 53 .07 12 52 51 .0
B 8 . 6 11 18 53 .34 12 52 44 .5
C 29 .7 11 18 54 .14 12 52 38 .0
SI 7 14.6 11 18 32 .98 12 52 17.2 r=4.98
1130+106 S 319.4 a: 11 30 24 . 19 10 40 16.8 4 .11 4 . 0 3 - 4 0 . 0 5 0 . 25 z=.540
11 30 24 .19 10 40 16.8 5 . 37 4 . 5 3 - 8 2 . 2 8
1136-135 D 1679.8 c : 11 36 38.51 -13 34 5 . 9 6 . 08 3 .81 - 6 . 3 9 0 . 53 z = .557
A 535 .6 11 36 37 .98 -13 34 2 . 0
B 1136.6 11 36 38 .60 -13 34 7 . 2
1146-037 T 399 .4 a: 11 46 22 .36 -03 47 29.1 5 .05 3 . 8 8 0 . 6 8 0 .30 z = .341
A 105.8 11 46 15.82 -03 47 56 .0
B 210.9 11 46 2 2 . 34 -03 47 28 . 7 5 . 0 6 3 .91 0 . 76
C 84 .5 11 46 28 .68 -03 47 23.5
1148-00 S 1800.4 c: 11 48 10.17 -00 07 13.1 4 . 6 4 3 . 9 0 - 5 . 9 4 1.00 z = l .982
11 48 10.10 - 00 07 13.0 4 . 66 3 . 9 2 - 4 . 5 4
1148-171 S 534 .4 c : l l 48 30 . 45 -17 07 19.9 6.21 3 . 78 - 9 . 4 3 0 .48 z = l .751
11 48 30 . 45 -17 07 18.6 6 .25 3 .81 - 9 . 6 8
SI 93 .4 11 48 1 .25 -17 08 9 .2 r=7.03
S2 7 . 9 11 48 32 .99 -17 02 30 .0 11 .9 3 .31 - 9 . 6 0 r = 4 .85
1156-221 S 594.6 c: 11 56 37 .7 7 -22 11 55.0 6 .59 3 . 6 5 - 1 3 . 3 7 0 .26 z = .565
11 56 37 .77 -22 11 55 .0 6 .72 3 . 7 8 - 1 3 . 7 3
SI 7 .8 11 56 28 .51 -22 09 25.5 7 .15 3 . 4 8 - 1 4 . 4 8 r= 3 .29
S2 7 .3 11 56 4 2 . 5 4 -22 10 26.6 9 .66 8 . 2 0 - 5 8 . 7 0 r = l .84
S3 2 .9 11 56 45 . 73 -22 10 20.1 8 .89 5 . 50 2 . 6 4 r = 2 .43
1158+007 S 258.1 c : 11 58 50 .10 00 44 54.0 4 . 76 3 . 9 8 - 6 . 8 9 0 .26 z = l .370
11 58 49 .4 9 00 45 10.9 5 .15 4 . 2 8 - 2 7 .7 1 e=10
1159-036 T 66 .0 c : 11 59 38 .4 -03 37 50.0 5 .03 3 . 9 7 - 5 . 2 6 0 .20 z = l .102
A 22.9 11 59 37 . 62 -03 37 46.1
B 3 .6 11 59 38 .92 -03 37 52 .6 5 .23 4 . 8 0 - 3 9 .3 9
C 38 .2 11 59 40 .2 2 -03 37 56.5
SI 14.8 11 59 58 .72 -03 35 8 .8 5 .58 5 .31 46 . 3 0 r= 5 .64
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m s  o / //
Clean Beam 
Maj. Min. PA 
(") (") (°) (
Limit 
mJy/B)  Notes
1200-051 S 517 .4 c: 12 00 0 .63 -05 11 24 .1 4 . 9 3 3 . 9 2 - 2 . 1 8 0 .49 z = .381
12 00 0 . 46 -05 11 20 .2 4 . 9 8 4 .05 0 . 3 0
SI 8 .0 12 00 11.07 -05 08 15.6 9 .10 3 .99 1.98 r=4.06
1201-026 D 77 .3 n: 12 01 8 . 3 -02 38 30 .0 4 . 90 3 . 93 - 1 0 . 6 4 0 . 20 RadioS
A 49 . 6 12 01 7 .99 -02 38 23 .6 5.11 4 . 0 4 - 1 6 . 6 5 [PKS90]
B 27 .4 12 01 8 .51 -02 38 31 .4 5 .27 4 .21 - 2 4 .9 5
SI 18.3 12 01 16.58 -02 39 52 .0 5 .03 4 . 0 5 - 1 3 . 8 9
1202-262 D 1251.4 n: 12 02 58 .7 -26 17 21 .9 6 .90 3 . 7 2 - 1 5 .6 1 0 .50 z = .789
A 1032.0 12 02 58 .82 -26 17 22.1 CHB89]
B 218.1 12 02 58 .53 -26 17 31 .2
SI 39.1 12 03 13.63 -26 23 0 .1 9 . 14 3 .86 - 1 7 . 3 4 r=6 .60
1203+011 S 136.3 c: 12 03 14.78 01 10 26 .2 4 . 70 4 . 0 0 0 .65 0 .18 z = . 104
12 03 14.75 01 10 25 .4 4 . 7 4 4 . 00 0 . 1 6
1203+109 D 159.8 a: 12 03 22 .6 2 10 59 35 . 4 4 . 25 3 .86 5 .47 0 .19 z = l .088
A 150.6 12 03 22 .62 10 59 36 .7 5 .42 4 . 32 - 9 . 9 5
B 8 .3 12 03 21 .91 10 59 28 .9
1205-008 C 128.6 c: 12 05 7 .89 -00 49 55 .6 4 . 80 3 .98 1.67 0 .23 z = l .007
12 05 7 .9 0 -00 49 54 .8 4 . 8 6 4 . 1 4 4 . 8 8
1210+133 S 807.0 a: 12 10 59 .28 13 24 1.3 4 .31 3 . 79 0 .31 0 .54 z = l .137
12 10 59 .28 13 24 1 .3 4 . 4 9 3 .88 1.13
1215+113 D2 190.6 c : 12 15 53.31 11 21 44 .6 4 .21 3 . 7 4 12.91 0 . 25 z = l .403
A 166.6 12 15 53 .30 11 21 4 4 . 0 4 . 33 3 .79 15.74
B 24.7 12 15 54 .45 11 21 44 .0
1216-010 S 386 .3 c: 12 16 1.12 -01 03 14.8 4 . 85 3 .91 - 3 .6 1 0.31 z = 0 .415
12 16 1.09 -01 03 15.9 4 . 8 8 3.91 - 3 .9 1
1217+023 T 536 .9 c: 12 17 38 .35 02 20 20 .9 4 . 50 3 .97 4 . 4 0 0 .18 z = .240
A 58.9 12 17 35 .05 02 20 15.7
B 340 .3 12 17 38 .35 02 20 20 .9 4 .53 3 .98 4 . 2 9
C 137.1 12 17 39 .56 02 20 26 .1
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1221+186 T 139 .2 c: 12 21 14.61 18 37 43 .3 4 .13 3 .66 10.90 0 .20 z = l .401
A 65 . 7 12 21 13.78 18 37 50 . 5
B 27 .2 12 21 14.60 18 37 44 .0 4 .27 3 .82 3 . 00
C 4 5 . 2 12 21 15.15 18 37 37 . 5
1222+037 S 87 6 . 4 b: 12 22 19.05 03 47 27 . 2 4 .38 3 .82 - 3 . 7 4 0 .40 z= .957
12 22 19.10 03 47 27 .1 4 .38 3 . 82 - 2 . 9 9
1222+216 T 904 . 9 a: 12 22 23.45 21 39 23 .7 4 .09 3 .72 8 . 95 0 .50 z=.435
A 48 .0 12 22 23 .26 21 39 14.6
B 721 .6 12 22 23 .45 21 39 23 .7 4 .38 3 .93 22.81
C 132.5 12 22 24 .20 21 39 26 . 3
1225-02W S 248.1 n: 12 25 23 .2 -02 20 26 . 0 4 . 87 3 .97 - 2 . 9 7 0 . 24 [PKS90]
12 25 23 .30 -02 20 24 .2 5 .13 4 . 68 - 3 4 .3 0
SI 8 .1 12 25 14 .63 -02 17 28 . 7 10 .4 4 .97 - 4 . 2 9 r=3 .64
S2 2 . 4 12 25 27 .90 -02 20 3 . 4 5 .03 3 .43 - 9 . 8 1 r = l .20
1226+023 D 39118 c : 12 26 33 . 24 02 19 43 .2 4 .66 4 . 02 0 .85 20 .0 z = .158
A 33535 12 26 33 .25 02 19 43 .3 4 .67 4 .03 0 . 57
B 5598 12 26 32 .29 02 19 27 .7
”l229-021 D 90 4 .5 a: 12 29 25 .88 -02 07 31 .9 5 .07 3 .92 - 2 . 6 7 0 . 46
COCO0tHIIN
A 83 9 .5 12 29 25 .88 -02 07 31 .9
B 63 .1 12 29 26 .66 -02 07 26 .7
1232-249 T 693 .8 c :12 32 59 .4 -24 55 4 6 . 0 6 .25 3 .53 18.43 0 .37 z = .355
A 365 .1 12 32 58.06 -24 54 52 .3
B 18 .5 12 32 59 .40 -24 55 4 6 . 9 6 .54 3 .87 19.70
C 31 1 .0 12 33 0 .36 -24 56 36 .3
SI 56 .7 12 33 9 .34 -24 58 38 .5 6 .49 3 .78 19.04 <£>
COIIU
1240-294 D2 49 5 . 6 c : 12 40 30 .05 -29 26 57 .7 6.87 3.51 16.96 0 . 2 9 z = l .135
A 488 .8 12 40 30 .05 -29 26 57 . 7 7.01 3 .53 18.01
B 5 . 3 12 40 31 .34 -29 26 51 .2
SI 20 .3 12 40 32.83 -29 21 54 .8 7 .28 3 .49 15.32 r = 5 .08
1241+16 T 1020.5 c : 12 41 27 .58 16 39 18 .0 4 .18 3 . 82 7 . 2 5 0 .47 z = .557
A 328.3 12 41 27 .33 16 39 27.1
B 377 . 8 12 41 27 .60 16 39 18.0 9 .22 4 .09 - 2 . 2 9
C 314.1 12 41 27.60 16 39 12.8
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m s  0 ' "
Clean Beam 
Maj. Min. PA 
(") (") ( ° ) (
Limit 
mJy/B)  Notes
1244-255 S 1119.3 c : 12 44 6 .66 -25 31 25 .5 6 . 54 3 .55 16.91 0 .82 z = .638
12 44 6 .76 -25 31 26 .8 6 .61 3 .64 17.96
1302-035 S 570.1 b: 13 02 8 .71 -03 29 57.7 5 . 1 4 3.91 - 4 . 1 6 0 . 44 z = i .250
13 02 8 .70 -03 29 58 .3 5 .21 3 .97 - 5 . 5 6
1302-102 S 909.7 c : 13 02 55 .83 -10 17 16.7 5 .46 3 .75 16 .42 0 . 4 9 z = .286
13 02 55 .80 -10 17 17.0 5 . 52 3 .78 16.65
(3C281)
1305+069 T 334.8 c: 13 05 22.48 06 58 12.9 4 . 53 4 .01 0 .87 0 .26 z = .602
A 194.0 13 05 22.68 06 58 29 .6
B 20 .6 13 05 22.41 06 58 14.0 5 .07 4 . 2 7 8 .29
C 114.9 13 05 22 .06 06 57 45 .4
SI 5 .1 13 05 20.67 06 58 54 .3 5 .23 4 .11 11.75 r=0 .80
1307+12W S 1205.3 c : 13 07 4 .3 7 12 10 22 .9 4 .29 3 .94 5 .29 1.08 BL Lac
13 07 4 . 3 6 12 10 22 .2 4 .30 3 .94 5.81
1308+18 D 140.5 b: 13 08 29.47 18 15 33 .8 4 . 15 3 .78 14.67 0 .21 z = l .689
A 57 .2 13 08 29.23 18 15 39 .2
B 84 .1 13 08 29.59 18 15 31 .4
1313-333 S 992 .2 c : 13 13 20.09 -33 23 10.5 8 .79 3 .74 13.41 0 .62 z = l .21
13 13 20.05 -33 23 9 .7 8 .82 3 .76 13.45
1317-005 S 706.1 a: 13 17 4 .75 -00 33 56 .2 4 .85 3 .90 12.59 0 .32 z = .890
13 17 4 .66 -00 33 56.2 5 .10 4 .06 14.38
SI 4 . 6 13 17 17.32 -00 36 25.7 6 .33 4 .38 7 .98 r=4.03
1318+11 C 79 3 . 4 b : 13 18 49 .82 11 22 33.9 4 .2 8 3 .78 0 .18 0 .46 z = 2 .171
13 18 49.51 11 22 29 .4
SI 17 .8 13 18 41 .20 11 20 25 .9 11.2 6 .17 58.31 r=2 .90
S2 8 . 4 13 18 43.77 11 20 36 .3 8 .35 5 .74 - 5 3 . 93 r = 2 .35
S3 8 .3 13 18 54.82 11 19 11.8 4 . 86 3 .45 - 1 1 .9 5 r = 3 .54
1327-214 T 731 .5 c : 13 27 23 .36 -21 26 33 .8 6 .49 3.57 14.92 0 .32 z = .528
A 209.1 13 27 22.80 -21 26 23 .4
B 244 .3 13 27 23.45 -21 26 33 .8 6 .69 3 .84 13.56
C 281.3 13 27 23.92 -21 26 49 .4
SI 4 . 4 13 27 34 .07 -21 25 5 . 4 8 .33 3 .58 17.30 r = 2 .88
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") ( ° ) ( m Jy / B )  Notes
1327-206 T 310.0 c: 13 27 24 . 44  -20 40 49 .1 6 . 3 7 3 . 6 4 15.10 0 . 2 7  z = l .169
A 54 .7 13 27 23.79 -20 40 54 .3
B 243.5 13 27 24 .35 -20 40 49 .1 6 . 46 3 . 67 15.02
C 8 .8 13 27 24 .90 -20 40 4 2 . 6
1328-263 T 199.8 c : 13 28 25 .3  -26 23 49 . 0 7 . 47 3 . 55 10.59 0 . 2 4  z = .883
A 8.1 13 28 24 .82 -26 23 39 .9
B 185.5 13 28 25 .20 -26 23 4 3 . 8 7 . 4 7 3 . 6 2 10.05
C 2 . 8 13 28 25 .59 -26 23 52 .9
(3C286)
1328+307 S 7454 c : 13 28 49 .67  30 45 58 . 6 4 . 0 8 3 . 77 13.16 1 .02  z = .849
13 28 49 .66  30 45 58 .6 4 . 0 9 3 . 79 15.11
1328-034 S 214.6 c : 13 28 53 .9  -03 25 4 8 . 6 4 . 9 5 3 . 92 - 1 . 1 5 0 . 30  z = l .352
13 28 53 .74  -03 25 4 8 . 8 4 . 9 7 3 . 94 - 2 .0 7
SI 15 .9 13 28 41 . 85  -03 24 55 .5 5 . 97 4 . 4 6 0 .75 r = 3 .10
S2 5 .6 13 28 44 .28 -03 23 4 5 . 3 5 . 8 8 5 . 03 - 36 .9 9 r = 3 . 13
1331+025 T 87 .6 c : 13 31 17.3  02 34 6 . 0 4 . 5 8 3 .90 - 2 . 5 4 0 . 16  z = l .228
A 33 .5 13 31 11.31 02 34 35 .9 e=10
B 42 .6 13 31 12.53 02 34 34 .6
C 12 .6 13 31 13.92 02 34 26 .8
SI 5 . 4 13 31 23 .89  02 34 59 .3 13.5 5 . 28 17.03 r=2 .8 7
1335+023 S 9 4 . 5 c : 13 35 7 02 22 12.8 4 . 4 6 3 .95 - 3 . 3 3 0 .21 z = l .3537
13 35 6.91 02 22 12 .8 4 . 5 2 3 .96 - 4 . 0 5
1335-061 D 988.2 a: 13 35 31 .20 -06 11 56 .7 5 . 1 9 3 .89 10.86 0 . 25  z = .625
A 468 . 3 13 35 30 .94  -06 11 54 .1
B 529.1 13 35 31 .55 -06 12 0 . 6
SI 18 .2 13 35 28 . 06  -06 12 30 .5 6 .81 4 .67 3.56 r = l .00
S2 35 .0 13 35 34 .77 -06 12 9 . 7 r=0 . 82
1337-000 T 91 .2 n: 13 36 59 .8  -00 01 12.0 4 . 71 4 .02 4.01 o v-». CO N (1 M- 00 o CO
A 42 .3 13 37 0 .47  -00 01 22 .6 [HB89]
B 16 .5 13 37 0 .73  -00 01 30 .4 7 . 93 5 .35 - 7 5 . 7 7 e=10
C 29 .5 13 37 2 .73  -00 01 42 .1
1337-013 S 238.6 c : 13 37 30 . 18  -01 22 35 .1 4 . 9 7 3.91 - 4 . 6 6 0 . 3 0  z = l .619
13 37 30 .05 -01 22 36 .7 4 . 97 3.91 - 4 . 7 9
SI 9 . 5 13 37 50 .25  -01 24 5 .1 5 . 9 8 4 . 1 5 10.94 r = 5 .26
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(°) (m Jy/B ) Notes
1345+125 S 2961.2 n: 13 45 6 . 2 12 32 20.1 4 . 2 9 3 . 7 4 - 1 . 9 4  0 .31  G(Sy2)
13 45 6 . 17 12 32 20 .3 4 . 2 9 3 . 7 4 - 1 . 9 8 [C0ND0N91]
1349-145 S 903.3 n: 13 49 10 .8 - 1 4 34 27 .0 5 .83 3 . 56 11.78 0 . 2 5  RadioS
13 49 10.75 - 14 34 27.0 5 . 8 4 3 . 56 11.81 [PKS90]
1349+02W S 469 .2 n: 13 49 58 .3 02 47 34 .0 4 . 5 0 3 . 99 7 . 0 6 0 . 2 6  RadioS
13 49 58.35 02 47 33.5 4 .51 4 . 0 0 7 .51 [PKS90]
SI 13.5 13 49 49 .50 02 44 54 .9 7 .06 4 . 5 7 68 . 7
1351+021 D2 247.4 b:13 51 18.91 02 06 37 . 2 4 . 45 3 . 9 3 - 2 . 2 5 0 . 3 2  z = l .606
A 17.1 13 51 18.47 02 06 33 .8
B 229.5 13 51 18.81 02 06 37 .7 4 . 50 3 .97 - 0 . 9 4
SI 59.5 13 51 34 .16 02 09 28 .0 4 . 6 4 4 . 2 7 12.94 r = 4 .75
1352-104 T 860.2 c : 13 52 7 . 8 -10 26 26.0 5 .50 3 . 78 11.76 0 .41  z = .332
A 43 .1 13 52 6 . 3 0 -10 26 26 .0
B 718 .9 13 52 6 .83 -10 26 20 .8 5 .56 3 . 83 12.00
C 95.4 13 52 8 .15 -10 26 19.5
1352-204 D 19.9 c : 13 52 58 . 85 -20 23 53.5 6 . 63 3 . 67 12.17 0 .20  z = .627
A 4 . 9 13 52 58 . 53 -20 23 47 .8
B 15.0 13 52 59 . 18 -20 24 0 .8
SI 7 24 .6 13 52 39 .57 -20 26 5 .5 r=5.03
S2 2 . 2 13 52 53 .45 -20 22 55 .8 7 . 62 3 .23 5 .60 r=1.61
1354-176 D 271.8 c : 13 54 9 . 54 -17 37 14.3 6 .10 3 . 67 12.42 0 . 2 3  z=.566
A 125.8 13 54 9 .05 -17 37 16.6 6 . 3 4 4 . 1 8 17.75
B 147.1 13 54 9 .77 -17 37 15.3 6.31 4 . 2 7 17.74
SI 5.1 13 54 1.31 -17 39 52 .6 7 .73 4 . 9 7 32 .92 r = 3 .27
S2 378.6 13 54 22 . 04 -17 29 24 .7 7 .30 3 . 8 4 15.04 r = 8 .39
1354+19 T 2153.1 c : 13 54 42 .08 19 33 43 . 9 4 .11 3 . 7 9 5 .82 1.10 z = .72
A 148.9 13 54 41 .7 3 19 33 58.6
B 1853.9 13 54 4 2 . 10 19 33 44 .3 4 . 18 3 . 8 4 -0 .1 1
C 152.0 13 54 42 .3 8 19 33 17.0
1356+022 D2 679.4 b: 13 56 54 .65 02 14 27.1 4 .65 3 . 99 - 5 . 0 6 0 . 30  z = l .329
A 5. 4 13 56 53.21 02 14 39.0 4 .87 4 .27 - 1 1 . 2
B 674.7 13 56 54 . 60 02 14 26 .0 4 . 6 8 4 .01 - 6 . 1 6
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m s  o i n
Clean Beam
Maj. Min. PA Limit 
(") (") (° )(m Jy /B ) Notes
1400+162 T 42 6 .8 b: 14 00 20 .58 16 14 2 1 . 4 4 . 2 5 3 .80 5 .69 0 . 2 0 z = .244
A 87 .9 14 00 19.96 16 14 27 .8
B 27 4 . 4 14 00 20 .50 16 14 21 .3 4 . 7 6 4 . 43 80 .64
C 59 .3 14 00 21 .13 16 14 22 .6
1402-012 S 4 2 7 .2 b: 14 02 11.29 -01 16 2 . 0 4 . 8 4 3 .98 - 0 . 4 0 0 . 34 z = 2 .518
14 02 11.30 -01 16 1 .0 4 . 87 4 .0 0 - 0 . 8 5
1403-085 S 726 .3 c: 14 03 21 .88 -08 33 56 .8 5 .43 3 .87 13.01 0 .60 z = l .763
14 03 21 .62 -08 33 4 9 . 0 5 . 47 3 . 8 8 13.07 e=l
SI 12.2 14 03 15.39 -08 37 19.6 5 . 55 4 . 02 13.34 r = 3 .83
S2 7 . 9 14 03 31 .35 -08 33 36 .0 5 . 40 3 .89 20.32 r = 2 . 4 i
1405-287 S 41 7 . 4 c: 14 05 56 .26 -28 46 8 . 4 8 . 3 6 3 .60 11.25 0 . 3 6 z= .575
14 05 56 .36 -28 46 12 .3 8 .51 3 .85 11.13
1407+02W s 326 . 6 c: 14 07 32.21 02 17 14.9 4 . 5 4 3 .96 0 .03 0 .22 BL Lac
14 07 32 .20 02 17 15.2 4 . 6 7 3 . 98 0 .16
SI 4 . 7 14 07 47 .51 02 18 24 .2 4 . 5 5 3 .69 13.31 r=3.99
S2 17.5 14 07 54 .02 02 13 15.2 5 .61 4 . 38 - 1 0 .5 9 r=6.76
(3C298.0)
1416+067 s 1648.6 c: 14 16 38 .78 06 42 20 .9 4 . 3 0 3 .81 - 2 . 1 4 0 .70 z = 1.436
14 16 38 .80 06 42 21 .0 4 . 3 2 4 . 0 5 - 4 . 6 4
1424-118 T 368.9 c: 14 24 55.97 -11 50 2 5 . 6 5 .65 3 .72 10.08 0 .19 z = .806
A 162.5 14 24 54 .20 -11 50 11 .3
B 20 .6 14 24 55 .97 -11 50 25 . 6
C 179.1 14 24 57 .12 -11 50 39 .9
SI 7 14.0 14 24 44 .37 -11 50 54 .2 r=2 .49
1430-178 S 819 .5 c: 14 30 10.56 -17 48 23 .2 6 . 47 3.71 11.51 0 .32 z = 2 .331
14 30 10.65 -17 48 24 .3 6 . 4 7 3 .72 11.54
1433+17 c 47 6 .8 b: 14 33 36 .12 17 42 36 .5 4 . 15 3 .92 26 .32 0 .28 z = l .203
14 33 36.19 17 42 33.1
1434-076 T 255.3 c : 14 34 39 .3 -07 40 44 . 0 5 . 27 3 .88 10.25 0 . 19 z = .697
A 78 .4 14 34 37 .90 -07 40 40 .1
B 9 . 7 14 34 39.39 -07 40 37 .5 5 . 26 3 .94 12.05
C 166.6 14 34 40 .79 -07 40 41 . 4
1442+101 S 1287.9 c : 14 42 50 .48 10 11 12 .2 4 . 2 3 3 .77 19.00 0 .35 z = 3 .535
14 42 50.48 10 11 12.1 4 . 2 4 3 .77 19.22
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Table 1: C Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 / // (") (") (°) (mJy/B)  Notes
1449-012 T 413 .8 b: 14 49 12.57 -01 15 17 .8 4 . 8 2 3 .99 13.23 0 . 33  z = l .319
A 8 . 3 14 49 12.51 -01 15 10 .2
B 399 .5 14 49 12.60 -01 15 18.0
C 7 .3 14 49 12.60 -01 15 24 .5
SI 10 .6 14 49 27 .25 -01 13 50 .9 5 .77 3 . 74 32.38 r = 3 .94
1451+09 T 195.3 b: 14 51 27.93 09 46 33 .9 4 . 29 3 .96 11.07  0 . 23  z = .632
A 55 . 0 14 51 27.20 09 46 30.1
B 72 .1 14 51 27.90 09 46 34 .0 4 . 5 0 4 . 17 19.85
C 63 .6 14 51 28.69 09 46 4 0 . 5
SI 9 6 . 4 14 51 6 .62 09 45 26 .4 H II cn 00
S2 12 .4 14 51 24.56 09 45 43 .3 4 . 45 4 . 00 12.65 r = l .18
S3 3 . 2 14 51 25.26 09 46 36 .6 5 .37 3 .97 4 . 3 7  r = 0 .65
1452-217 S 27 1 .4 c : 14 52 45 .5 -21 47 29 .0 7 .00 3 .77 8 .61 0 .36  z = .780
14 52 45 .69 -21 47 21 .2 7 .03 3 .78 8 .65
1453-109 T 1512.6 c: 14 53 12.22 -10 56 39 .9 5 .50 3 .80 7 . 8 8  0 .61  z = .938
A 30 3 .4 14 53 11.60 -10 56 27 .3
B 191.5 14 53 12.13 -10 56 39 .0 5 .63 3 .90 7 .34
C 1015.0 14 53 12.57 -10 56 59 .8
1454-06 S 623 .8 c: 14 54 2 .58 -06 05 4 0 . 4 5 . 14 3 .85 6 . 55  0 . 28  z = l .249
14 54 2 .60 -06 05 4 0 . 0 5 .78 4 . 3 2 26 .74
1502+036 S 73 2 . 6 b: 15 02 35.69 03 38 7 . 2 4 . 6 6 3 .86 6 .32  0 . 5 5  z = .411
15 02 35.70 03 38 8 . 0 4 . 6 9 3 .89 6.93
1508+18 S 8 7 . 4 n: 15 08 59.8 18 18 33 .0 4 . 2 9 3 .78 3 .21  0 . 6 3  RadioS
15 08 57.99 18 19 20 .7 e=52 .5
SI 129.7 15 08 39.00 18 13 55.7 [GREG0RY91
S2 7 . 8 15 08 45 .94 18 17 14.6
S3 117.8 15 08 50.68 18 13 14.1
1509+15 D 42 9 . 7 b: 15 09 52.48 15 51 39 .7 4 . 1 9 3 .85 14.83 0 . 2 2  z = .825
A 177.1 15 09 51 .95 15 51 36 .1
B 25 1 .8 15 09 52.40 15 51 38 .7
1530+137 T 394.3 a: 15 30 54.29 13 42 28 .3 4 . 2 4 3 .84 10.36 0 .22  z = .711
A 21 1 .2 15 30 53 .93 13 42 28 .3
B 47 .1 15 30 54.20 13 42 27 .0
C 133.5 15 30 54 .65 13 42 24 .4
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Table 1: C Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s o ' " (") (") (° )(m Jy /B ) Notes
1538+14 S 1249.6 c: 15 38 30 .6 14 57 25 4 .1 9 3 . 70 10.54 0.31 z= .605
15 38 30 .23 14 57 21 .8 4 . 2 2 3 .73 9 .08 BL Lac
1542+042 S 30 0 .3 c: 15 42 29 . 8 04 17 6 .2 4 . 62 3 .95 10 .06 1.01 z = 2 .182
15 42 29.71 04 17 7 .1 5 .16 3 .99 4 . 43 e=10
1546+027 S 1175.5 b: 15 46 58 .30 02 46 6 . 4 4 . 6 4 3 . 94 8 .9 4 0 .49 z= .415
15 46 58 .29 02 46 5 . 7 4 .65 3 .95 7 .88
SI 2 3 . 4 15 46 38 .07 02 47 27 .6 5 .10 4 . 3 2 50.83 r = 5 .23
S2 6 . 3 15 46 59 .42 02 45 35.8 9.21 4 .5 6 - 4 2 .3 0 r=0.57
(4C18.45)
1547+187 T 2 36 . 4 c: 15 47 22 .0 18 44 15 .0 4 . 15 3 .70 9 . 28 0 .20 z=1 .442
A 5 8 . 4 15 47 21 .98 18 44 11.5 e=10
B 9 6 . 6 15 47 21 .80 18 44 5 .0
C 81 .7 15 47 21.71 18 44 2 . 4
SI 2 . 6 15 47 19.51 18 43 32 .5 4 . 9 6 4 . 30 70 .07 r=0 .77
1548+11 T 615.1 b: 15 48 21 .24 11 29 47 .3 4 .33 3 .80 5 .15 0 .36 z= .436
A 109.9 15 48 21 .02 11 30 10.4
B 41 3 . 2 15 48 21 .20 11 29 47 .0
C 88 .5 15 48 21 .47 11 29 47 .0
1555+001 S 48 0 . 6 c: 15 55 17.7 00 06 44 4 . 4 4 3 .93 11.99 0 .20 z = l .770
15 55 17.69 00 06 43 .5 4 .45 3 .93 12.48
1602-002 T 424 .7 b:16 02 22 .11 -00 11 0 . 2 4 . 8 1 3 .98 6 . 00 0 .23 z = l .625
A 109.1 16 02 20 .90 -00 11 1 .3
B 254 .2 16 02 22.11 -00 11 0 .0 4 .81 4 . 09 5 .83
C 6 0 . 3 16 02 22 .63 -00 11 1 . 3
SI 15.0 16 02 33 .73 -00 06 58 .2 4 . 9 2 4 . 03 11.18 r = 4 . 97
1606+180 T 24 0 .9 c : 16 06 56.67 18 04 6 . 5 4 . 04 3 .79 12.44 0 .30 z = .346
A 154 .4 16 06 56 .25 18 04 5 . 0
B 25 .9 16 06 56.57 18 04 6 . 5
C 52 .9 16 06 57 .09 18 04 9 . 5
SI ? 89 .7 16 06 35.21 18 03 12.4 r = 5 .08
S2 21 .8 16 06 51.51 18 09 29 .0 10.6 8 .75 23.87 r = 5 .53
S3 35 .7 16 06 54 .57 18 09 45 . 5 8 .54 6 .20 - 2 4 .5 6 r = 5 .69
1607+268 S 1676.6 n: 16 07 09 .3 26 49 19.0 4 . 1 2 3 . 80 3 .70 0 .39 z = 0 .473
16 07 9 .29 26 49 18.6 4 .13 3 .80 3 .95 [PKS90]
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1608+113 C 116.9 a: 16 08 11.50 11 23 15.7 4 .2 6 3 .81 13.42 0 .20  z=.457
16 08 11.59 11 23 14.4
1615+029 S 619.3 b: 16 15 19.12 02 54 0 . 7 4 . 58 3 . 9 7 7 .60 0 .22  z = i .339
16 15 19.10 02 54 0 .0 4 . 5 8 3 . 98 7 . 16
1618+17 T 672.0 c: 16 18 7 .31 17 43 30 .4 4 . 1 6 3 . 7 5 - 0 . 5 6 0 . 33  z = .555
A 288 .6 16 18 5 . 75 17 43 48 .5
B 169.1 16 18 7 . 3 0 17 43 30.3 4 . 28 3 . 8 4 - 3 . 8 0
C 199.3 16 18 8 .21 17 43 18.6
SI 103.5 16 18 18.95 17 47 0 .9 4 . 53 3 . 8 4 15.72 r = 4 .47
1622+158 C 370.6 a: 16 22 57.81 15 52 9 .7 4 . 26 3 . 87 12.15 0 .22  z = l .409
16 22 57 .99 15 52 8 .4
SI 7 .7 16 22 48 . 8 9 15 49 36.3 r = 3 .35
S2 3 .1 16 23 12.41 15 55 10.4 4 .81 3 .28 - 6 9 .0 6 r = 4 . 61
1628+363 T 168.3 a: 16 28 57 .67 36 19 30.9 3 . 9 2 3 . 5 9 - 7 . 1 4 0 .17  z = l .254
A 82.7 16 28 57.21 36 19 38 .7
B 35.3 16 28 57 .67 36 19 29.6
C 53 .7 16 28 57 .35 36 19 27.0
SI 2 .2 16 29 5 .96 36 22 8 . 2 5 . 0 8 3 . 34 43 .53 r = 3 . 13
1629+12 S 713.2 b: 16 29 24 .55 12 02 24.3 4 . 2 5 3 .78 8 .05 0 .30  z=1.795
16 29 24.59 12 02 24.0 4 . 26 4 . 1 5 0 . 5 4
1657+265 S 598.6 a: 16 57 22 .53 26 34 2.1 4 . 0 4 3 .68 0 . 9 4 0 . 35  z = .795
16 57 22.53 26 34 3 .4 4 . 2 1 3 . 92 2 .69
SI 12.5 16 57 21.27 26 35 5 .8 4 . 0 6 3 .5 8 7 .59 r = l .08
(1700+180)
1700+17 D 128.8 a: 17 00 41 .09 18 02 55 .0 4 .21 3 .75 1.62 0 . 15  z = l .424
A 85 .5 17 00 40 .7 4 18 02 57.6
B 42 .8 17 00 41 .28 18 02 53.7
SI 8 .9 17 00 43 .65 18 04 36.4 r = l .79
S2 6.1 17 00 48 .48 18 05 31 .0 5 .02 4 . 2 4 23 .79 r = 3 . 15
S3 4 .8 17 00 51.86 18 06 12.6 6 .66 5 .40 56 .15 r = 4 . 19
1702+29 S 548.8 c : 17 02 10.5 29 51 5 .5 4 . 02 3 .75 - 5 . 0 3 0 .32  z = l .927
17 02 10.50 29 51 6 .0 4 . 45 4 .11 41 .78
SI 7 .2 17 02 9 . 90 29 51 22.9 4 .78 3 .90 - 6 3 . 1 6 r = 0 .31
68
Table 1: C Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s ° ' " (") (") (°) (m Jy/B)N otes
1705+188 S 248 .2  b :17 05 4 2 . 1 3  18 50 28 .7  4 . 0 9  3 . 7 6  12 .16 0 .19  z = 2 . 518
17 05 42 .1 1  18 50 29 .4  4 . 1 0  3 . 7 7  11.45
1714+219 SJ 568.1 n :17  14 2 . 2  21 55 19 .0  4 . 1 8  3 . 7 3  6 . 5 5  0 .18  RadioS
17 14 3 . 7 4  21 55 28 .6  [GREG0RY91]
1732+16 T 333.9  n :17 32 2 7 . 9  16 02 27 .0  4 . 1 3  3 . 85  7 . 9 8  0 .20  z=1.296
A 131.5 17 32 2 7 .7 2  16 02 3 7 . 4  [HB89]
B 28 .8  17 32 27 . 90  16 02 27 .0
C 173.9 17 32 2 7 .9 0  16 02 21 .8
1739+18 T 338.9  b :17  39 55 .4 3  18 28 43 .5  4 . 0 5  3 .71  9 . 0 9  0 . 3 2  z=.186
A 219 .6 17 39 5 3 .3 2  18 30 22.0
B 38.7  17 39 5 5 .4 2  18 28 43 .2
C 186.4 17 39 58 .3 5  18 27 9 .6
SI 16.7 17 39 4 8 . 7 5  18 26 59 .2  r=2 .35
1742+279 C 359 .4  c :17  41 5 7 .9 5  27 54 4 . 3  4 . 0 0  3 . 6 9  13 .80 0 .25  z=.372
17 41 5 7 . 86  27 54 4 . 7
2002-185 D? 498.1  c :20  02 2 4 .3 9  -18  30 8 . 9  5 . 4 8  3 .81  - 2 4 . 0 9  0 . 2 7  z=.859
A 18.5 20 02 22 .8 5  -18  30 24 .7  e=l
B 477.5  20 02 2 4 .4 0  -18  30 39 .0  5 . 7 4  3 . 89  - 2 5 .7 0
(3C407)
2005-044 T 436.0  c :20  05 4 6 . 0  - 04  27 18.0  4 . 8 6  3 . 9 5  - 2 5 .7 1  0 . 2 3  z=.589
A 195.9 20 05 4 6 . 6 5  - 0 4  27 11.8
B 162.3 20 05 4 6 . 3 0  - 0 4  27 17.0
C 75 .9  20 05 45 . 8 7  - 04  27 28 .7
SI 4 . 7  20 05 41 . 61  - 04  27 22 .2  5 . 0 3  4 . 1 6  - 3 9 .0 8  r=1 .17
2008-068 S 1322.3 n :20  08 3 3 . 7  -06  53 2 .0  4 . 91  3 . 86  - 2 5 .5 7  0 .31  G[PKS90]
20 08 33 .7 0  -0 6  53 1.8 4 . 9 1  3 . 86  - 2 5 .7 9
SI 22.1 20 08 32 .4 8  -06  53 4 9 . 9  5 .31  3 . 8 4  - 37 .2 5
(3C411)
2019+098 T 982.7 n:20 19 4 4 . 1 9  09 51 33 .8  4 . 2 4  4 . 1 9  - 4 2 .2 3  0 .29  z=0.467 G
A 308.9 20 19 43 . 41  09 51 37 .9  [SPINRAD85]
B 200.2 20 19 4 4 .2 0  09 51 34 .0
C 463 .7  20 19 4 4 . 9 9  09 51 28.8
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m s  o / ,/
Clean Beam
Maj. Min. PA Limit 
(") (") ( ° ) ( m J y / B )  Notes
2024-217 T 390 .4 c:20 24 9 .1 -21 46 16.0 5 .19 3 . 78  - 2 8 . 1 0 0 . 2 2  z = .463
A 164.0 20 24 8 . 63 -21 46 8 . 2
B 133.1 20 24 9 . 1 9 -21 46 13 .4
C 89 .8 20 24 10.31 -21 46 26 .4
2059+034 S 1229.6 b:20 59 8 . 0 6 03 29 41 .7 4 .37 4 . 21  - 3 9 .1 1 0 . 4 2  z = l .013
20 59 8 .00 03 29 41 .0 4 .43 4 . 2 2  - 3 4 . 8 4
(3C432)
2120+168 D 368.2 c:21 20 25 .53 16 51 4 6 . 4 4 .92 4 . 4 2  - 6 5 . 1 3 0 . 2 3  z = l .805
A 207.7 21 20 25 .23 16 51 48 .6
B 158.0 21 20 25 .86 16 51 40 .8
(3C434NHB)
2120+155 D 47 2 .2 n: 21 20 54 .40 15 35 11.7 4.81 4 . 4 8  - 6 2 . 4 8 0 . 2 3  z = 0 .322
A 249.9 21 20 54 .05 15 35 11.0 [SPINRAD8£
B 222.1 21 20 54 .77 15 35 13.6
2121+053 S 2903.8 c:21 21 14.8 05 22 27 .0 4 .18 4 . 0 4  - 4 0 . 0 9 0 . 7 0  z = l .878
21 21 14.80 05 22 27 .5 4 .18 4 . 0 4  - 3 9 . 9 4
2128+08 S 345 .4 b: 21 28 54 .43 08 59 19 .5 5.11 4 . 9 2  - 5 0 . 5 6 0 . 2 5  z = .985
21 28 54.41 08 59 19.0 5 .14 4 . 9 3  - 4 9 . 6 9
SI 2 .6 21 28 58 .45 08 57 37 .6 7 .95 5 . 6 7  - 4 3 . 4 3 r = l .96
2131-021 S 1401.0 n:21 31 35 .1 -02 06 38 .7 4 .29 4 . 2 0  - 4 3 . 2 5 0 .4 2  z = .557
21 31 35 .10 -02 06 40 .0 4 .47 4 . 2 2  - 4 9 . 7 8 BL Lac
[HB89]
(4C17.87)
2131+175 T 126.6 c:21 31 55.51 17 33 32 .4 4 .82 4 . 3 3  - 6 7 . 4 3 0 . 20  z = l .215
A 44 .9 21 31 56 .04 17 33 43 .4
B 30 .6 21 31 55 .49 17 33 33 .0 5.01 4 . 61  - 8 2 . 2 2
C 47 .5 21 31 55 .04 17 33 20 .0
2134+004 S 9693 .8 c : 21 34 5 .28 00 28 25 6.51 6 . 4 2  - 4 5 . 6 2 6 . 00  z = l .936
21 34 5 .21 00 28 24 .7 6 .54 6 .41 - 4 7 . 6 6
2140-048 T 463.2 c:21 40 0 .5 -04 51 29 .0 4 .69 4 .11  - 3 3 . 0 4 0 . 2 8  z = .344
A 24 .2 21 39 59 .72 -04 51 25.1
B 42 2 .8 21 39 59 .98 -04 51 27 .7 4 .87 4 . 1 5  - 3 5 . 2 0
C 11.9 21 40 0 . 50 -04 51 42 .0
2145+06 S 3085.0 c:21 45 36.11 06 43 41 . 2 5 .58 5 .15  - 5 1 . 9 3 0 . 9 4  z = .990
21 45 36 .10 06 43 41 .0 5.59 5 .15  - 5 1 .3 1
70






m s  • ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°) (m Jy/B ) Notes
2149+069 SJ 73 9 . 2 c:21 49 2 . 06 06 55 21 .0 5 .35 4 . 96  - 5 2 .9 2 0 . 27 z = i .364
21 49 2 .06 06 55 21 .0
2150+05 T 376 .2 b:21 50 54 .19 05 22 9 .2 5 .73 5 .36  - 5 0 .1 1 0 . 2 4 z = l .979
A 7 3 . 9 21 50 53 .58 05 22 9 . 0
B 34 .0 21 50 54 .27 05 22 7 . 7
C 267 . 9 21 50 54 .71 05 22 7 . 7
2158+10 S 191 .4 b:21 58 48 .9 4 10 09 19.5 5 .49 4 .79  - 5 7 .6 3 0 .22 z = l .725
21 58 48 .92 10 09 20 .0 5 .58 4 . 84  - 5 5 .0 8
2207+020 D 250 .1 c :22 07 0 .27 02 03 56 .0 5 .85 5 .72  - 4 6 .4 3 0 .19 BL Lac
A 22 4 .4 22 07 0 .12 02 03 57 .3
B 25 .8 22 07 0 .90 02 03 49 .5
2209+080 C 721.1 a: 22 09 32 .26 08 04 26 .0 5 .69 5 .10  - 5 3 .3 9 0 .25 z= .484
22 09 32 .17 08 04 26 .0
2216-03 T 3401 .2 b:22 16 16.40 -03 50 40 .1 4 . 5 4 4 .26  - 3 8 .9 8 0 .82 z=.901
A 26 .2 22 16 16.66 -03 50 21 .5
B 3331 .0 22 16 16.40 -03 50 4 1 . 0 4 . 66 4 .28  - 3 6 .0 6
C 44 .7 22 16 16.83 -03 50 47 .5
2222+05 S 242 .7 b : 22 22 43 . 45 05 11 52 .2 5 . 6 4 5 .28  - 5 0 .5 9 0 .23 z = 2 .323
22 22 43 .40 05 11 53 .0 5 .86 5 .65  36 .34
SI 4 . 9 22 22 39 .57 05 14 31 .6 6 . 4 4 5 .48  19.15 r = 2 .81
2223+210 S 1010.2 n:22 23 14.7 21 02 50 .0 4 . 48 4 .39  - 5 7 .4 4 0 . 54 z = l .953
22 23 14.71 21 02 50 .3 4 . 5 2 4 . 4 8  76 .76 [HB89]
2230+11 s 4230 .5 c :22 30 7 .84 11 28 22 .8 5 .23 4 .83  - 5 5 .6 8 1.19 z=1 .037
22 30 7 .80 11 28 23 .0 5 .26 4 . 84  - 5 4 .4 8
2239+096 s 49 9 .9 c :22 39 19.85 09 38 9 . 9 5 .57 5 .02  - 5 2 .9 4 0 . 2 2 2=1.707
22 39 19.85 09 38 9 . 9 5 .57 5 .03  - 53 .0 1
2247+14 s 1114.9 b : 22 47 56.76 14 03 57 .0 5 . 2 0 4 .57  - 6 3 .1 6 0 . 6 7 2=.235
22 47 56.70 14 03 58 .0 5 .3 4 4 .58  - 6 4 .1 3
SI 40 .8 22 47 33.29 14 08 12.9 17 .4 5 . 87  - 1 6 .2 5 r = 6 . 14
S2 9 .5 22 48 06.39 14 08 49 .0 6 .71 4 . 47  - 5 9 .0 8 r = 4 .67
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2248+19 C 264 .7 b:22 48 06.16 19 15 26 .0 5 . 1 9 4 . 3 0  - 7 2 .6 5 0 .20 z = l .791
22 48 06 .10 19 15 27 .6
2249+18 S 7 76 .2 b:22 49 07 .72 18 32 4 3 . 8 5 . 07 4 . 2 5  - 7 3 .7 8 0 .24 z = l .757
22 49 07.70 18 32 44 . 0 5 . 0 8 4 . 2 8  - 7 3 .0 9
2251+15 S 10450.0 c :22 51 29 .55 15 52 54 . 6 5 . 2 2 4 . 6 9  - 5 8 .7 5 3 .45 z=.859
22 51 29.50 15 52 54 . 0 5 . 33 4 . 70  - 5 6 .8 9
2251+13 S 99 0 .5 c :22 51 51.93 13 25 4 9 . 1 5 . 12 4 . 5 7  - 6 0 . 9 4 0 .40 z =.673
22 51 51.90 13 25 4 9 . 0 6 .01 5 . 17  50 .44
SI 4 9 . 4 22 52 15.04 13 28 2 9 . 4 r = 6 .23
2251+113 D 55 3 .0 a: 22 51 40 .51 11 20 38 .6 5 . 2 0 4 . 83  - 5 4 .8 2 0 .23 z = .323
A 186.6 22 51 40 .24 11 20 4 3 . 8
B 365 . 4 22 51 40 .69 11 20 36 .0
2254+024 S 489 . 1 b:22 54 44.62 02 27 13 .8 4 . 3 2 4 . 25  - 4 3 .0 4 0 .23 z = 2 .09
22 54 44 .60 02 27 14 .0 4 . 3 8 4 . 2 5  - 4 7 .2 0
2256+017 S 26 5 .3 c : 22 56 24.59 01 47 36 .7 4 . 3 5 4 . 2 7  -42 .5 1 0 .23 z = 2 .663
22 56 24 .60 01 47 36 .0 4 . 4 4 4 . 3 2  - 2 1 .6 4
2305+187 S 373 . 4 a: 23 05 17.16 18 45 5 . 7 4 . 5 4 4 . 3 5  -57 .91 0 .20 z = .313
23 05 17.07 18 45 5 .7 7 . 1 4 5 . 45  76 .22
2308+09 T 32 7 .0 b : 23 08 46.51 09 51 58 .1 5 . 18 4 . 8 7  - 5 2 .8 9 0 .18 z = .433
A 107.1 23 08 45 .00 09 52 32 .1
B 108.9 23 08 46 .50 09 51 57 .0 5 .41 5 . 02  - 6 1 .4 4
C 110.1 23 08 48.35 09 51 27.1
2314+160 C 293 .7 c :23 14 9 .0 16 01 40 . 0 4 . 9 3 4 . 5 0  - 6 0 .6 4 0 . 23 z = .659
23 14 9 .68 16 01 43 . 4 e=10
SI 4 2 . 5 23 14 11.75 16 00 12 .4 5 . 1 2 4 . 53  - 5 8 .2 5 r = l .60
2314-116 T 168 .2 c : 23 14 46.06 -11 38 4 8 . 7 5 . 0 4 4 . 0 2  - 28 .7 5 0.21 z = .549
A 41 .1 23 14 45 .62 -11 38 25 .3
B 99 .3 23 14 45.97 -11 38 46 .1 5 . 42 4 . 1 8  - 2 8 .3 9
C 27 .7 23 14 45 .97 -11 39 1.7
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Maj. Min. PA Limit
Source Type (mJy) h m s 0 i ii (") (") (°) (m Jy/B ) Notes
2318+02 D 192.9 b:23 18 14.40 02 40 34 .4 4 . 2 9 4 . 2 8  - 4 4 . 6 2  0 . 17 z = l .968
A 52 .5 23 18 12.84 02 41 18 .2
B 138.6 23 18 13.79 02 40 5 . 4
SI 11.1 23 18 14.31 02 41 36 .4 4 . 6 8 4 . 4 3  - 2 7 .0 2 r = l .06
S2 5 . 2 23 18 20.04 02 40 5 . 4 5 . 42 4 . 2 0  - 4 0 .0 3 r = l .48
S3 12.2 23 18 27.59 02 42 55 .7 4 . 99 4 . 6 1  - 5 8 .0 3 r = 4 . 07
2320+079 S 68 1 .6 c: 23 20 2 . 5 07 55 48 .0 5 . 14 5 . 1 0  - 4 5 . 8 5  0 . 3 2 z = 2 .09
23 20 3 .90 07 55 33 .7 5 .15 5 .11  - 4 7 .3 4 e=10
SI 3 .2 23 19 53 .14 07 57 8 .6 6 . 05 4 . 6 5  78 .58 r = 3 . 10
2320-035 S 932.9 b:23 20 57.55 -03 33 32 .8 4 . 6 3 4 . 0 8  - 3 3 .2 7  0 . 2 3 z = l .411
23 20 57.52 -03 33 33 .6 4 . 63 4 . 0 8  - 3 3 .2 0
SI 3 .2 23 21 5 .86 -03 36 40 .8 6 .3 0 5 . 5 4  70 .55 r = 3 .75
2328+107 S 1114.6 c :23 28 9 .1 10 43 48 5 .58 4 . 8 9  - 5 5 .6 7  0 . 29 z = l .489
23 28 08.79 10 43 4 5 . 5 5 . 5 8 4 . 9 0  - 5 5 .6 3
SI 6 .0 23 28 07.90 10 44 47 .9 r = l .06
2332-017 S 661 .4 b:23 32 46 .43 -01 47 44 .7 4 . 3 4 4 . 2 1  - 4 2 .1 8  0 . 2 6 z = l .184
23 32 46 .40 -01 47 4 5 . 0 4 . 6 5 4 . 2 4  - 5 0 .4 8
SI 8 .8 23 32 49 .70 -01 49 29 .0 r = l .92
2335-027 S 507 .7 b: 23 35 23.27 -02 47 34 .6 4 .51 4 . 2 4  - 3 8 . 6 3  0 .27 z = l .072
23 35 23.20 -02 47 33 .7 4 . 7 5 4 . 2 6  - 4 1 .5 2
2340-036 T 229 .9 c:23 40 22 .5 -03 40 20 .0 4 . 3 5 4 . 1 7  - 4 0 . 5 3  0 . 19 z = .896
A 21 .4 23 40 20.66 -03 38 56 .4 e=10
B 171.9 23 40 22.49 -03 39 5 . 5 4 .41 4 . 2 0  - 4 0 .3 9
C 34 .0 23 40 25.18 -03 39 10 .7
2351-006 S 365 .7  b :23 51 35 .38 -00  36 29 .1  4 . 2 7  4 . 1 8  - 4 2 .9 0  0 . 2 4  z= .464
23 51 35.40 -00  36 29 .0  4 . 4 5  4 . 2 0  - 4 1 .1 8
2356+196 S 560.7  c :23 56 12.5 19 38 36 .0  5 . 1 0  4 . 31  - 7 1 .8 6  0 . 3 4  z=1.066
23 56 12.59 19 38 38 .6  5 .11  4 . 3 2  - 7 1 .0 2
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0003+15 T 245.0 c :00 03 25 .07 15 53 7 . 4 0 .57 0 .53 51.94 0 . 10  z = .450
A 25 .7 00 03 23 .84 15 53 13.3
B 123.2 00 03 25 .07 15 53 7 .2
C 106.7 00 03 26 .08 15 52 59 .8
(3C2.0)
0003-003 D 1381.2 c :00 03 48.87 -00 21 6 .7 0 . 5 8 0 .57 45 .73 0 . 1 6  2=1.037
A 1075.8 00 03 48.85 -00 21 5 . 5
B 303 .9 00 03 48.75 -00 21 10.0
0006+014 T 64 .3 n:00 06 19.41 01 26 31 .7 0 .92 0 .70 50.87 0 . 09  2=1.302
A 15.1 00 06 19.08 01 26 28 .7 [F0LTZ8S
B 22 .4 00 06 19.36 01 26 33 .8
C 29 .4 00 06 19.86 01 26 38 .1
(4C08.04)
0033+079 T 111.4 n: 00 33 40 .9 07 58 34 .0 0 .43 0 .43 43 .02 0 . 08  z = l .578
A 27 .5 00 33 40 .84 07 58 34.1 [HB89]
B 40 .6 00 33 40.91 07 58 33 .6
C 42 .9 00 33 41.06 07 58 33 .7
(4C09.01)
0033+098 T 330 .8 c:00 33 48.26 09 51 28 .9 0 .46 0 .43 52.55 0 . 10  2=1.918
A 44 .7 00 33 48.07 09 51 29 .5
B 186.4 00 33 48.21 09 51 28 .2
C 92 .9 00 33 48.33 09 51 26 .6
0038-019 T 254 .4 c: 00 38 52.68 -01 59 40 .7 0 . 58 0 .57 4 5 . 74 0 . 19  z = l .690
A 111.1 00 38 52.74 -01 59 33 .9
B 54 .9 00 38 52.62 -01 59 4 2 . 4
C 104.0 00 38 52.63 -01 59 52 .7
0041+001 S 98 .4 c:00 41 0 .00 00 08 30 .0 0 .43 0 .43 44 .05 0 .1 4  z=1.127
00 40 58.88 00 08 34 .8 e=10
0044+030 S 22 .6 c:00 44 31.2 03 03 35 .0 0 .38 0 .38 44 .60 0 . 07  2= .624
00 44 31.41 03 03 32 .7
0054+144 blank c:00 54 31.94 14 29 58 .6 0 .11  2=.171
0056-001 S 1439.6 b:00 56 31.77 -00 09 18.1 0 .39 0 .37 39.33 0 .26  z= .717
00 56 31.76 -00 09 18.8
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0100+099 S 15.6 c:01 00 5 6 . 57 09 54 29.1 0 .53 0 .45 55 .98 0 . 5 3  z=.465
01 00 40 .8 8 09 52 30 .6 e=l
0103-021 T 28 4 . 4 b:01 03 4 9 .9 4 -02 11 4 1 . 8 0 . 4 5 0 . 4 2 38 .93 0 . 08  z = 2 .201
A 9 . 4 01 03 4 9 . 70 -02 11 37 .7
B 258 .8 01 03 49 .91 -02 11 4 0 . 3
C 16.3 01 03 5 0 . 17 -02 11 43 .0
0105-008 S 55 1 .4 b: 01 05 53 .36 -00 53 22 .6 0 .40 0 .38 37 .93 0 .16  z = .318
01 05 53 .33 -00 53 23 .5
0113-201 S 8 .0 c:01 13 4 . 5 6 -20 07 22 .2 0 .45 0 . 42 41 .00 0 .13  z = l .220
01 13 4 . 91 -20 07 39 .6
0115+027 T 529 .8 c:01 15 43 .6 4 02 42 19 .8 0 .47 0 .4 2 32 .85 0 .09  z= .672
A 199.3 01 15 43 .29 02 42 18 .2
B 129.0 01 15 43 .6 3 02 42 19.8
C 195.0 01 15 44 .13 02 42 22 .0
0118+034 T 95 .0 c : 01 18 26 .05 03 28 32 .2 0 .46 0 .42 34 .92 0 . 07  z=.765
A 49 .3 01 18 24 .67 03 28 39.1
B 28 . 3 01 18 26 . 14 03 28 30 .9
C 54 . 3 01 18 27 .59 03 28 27 .7
0123-226 T 378 .9 c:01 23 51 . 24 -22 38 7 . 4 0 .46 0 .42 39.81 0 .08  z=.720
A 40 . 7 01 23 51.11 -22 38 6 . 7
B 273 .5 01 23 51 .27 -22 38 7 . 9
C 5 9 . 6 01 23 51 .45 -22 38 8 . 6
0130-171 D 663 .2 c : 01 30 17.6 -17 10 10.0 0 .45 0 . 42 41 .3 5 0 .15  z = l .022
A 647.3 01 30 17.69 -17 10 12.1
B 13.3 01 30 17.66 -17 10 17.7
(3C48)
0134+329 ? c : 01 34 49 .83 32 54 20 .4 0 .49 0 .40 75 .18 28 .7  z = .367
01 34 49 .80 32 54 20 .8
0137+012 T 43 0 .3 c : 01 37 22 .78 01 16 35.2 0.51 0 .49 47 .59 0 .10  z = .26
A 222 .5 01 37 23 .24 01 16 45 .8
B 166.8 01 37 22.86 01 16 35.5
C 49 .1 01 37 22 .34 01 16 21 .4
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m s  * ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°) (m Jy/B ) Notes
0148-202 D 50 . 8 c:01 48 14.54 - 20 14 0 . 4 0 . 48 0 .4 2 37 .06 0 . 0 9  z = .859
A 15 .4 01 48 14.49 -20 13 59 .0
B 35 .1 01 48 14.56 -20 14 0 .1
0154+31A T 37 4 .4 c:01 54 21 .48 31 39 4 2 . 2 0 . 5 7 0 . 45 71 .72 0 . 0 8  z = 0 .373
A 30 .0 01 54 21.51 31 39 4 7 . 0
B 4 . 0 01 54 2 1 .5 4 31 39 4 2 . 2
C 340 .0 01 54 21 .52 31 39 39 .7
0155-109 T 688 .7 c:01 55 14.06 -10 58 16.6 0 .45 0 .4 2 4 0 . 55 0 .11 z = .616
A 195.1 01 55 13.97 -10 58 16.1
B 302.1 01 55 14 .04 -10 58 16 .6
C 142.3 01 55 14 .09 -10 58 16.7
D 28 .4 01 55 14.31 -10 58 19.2
0157+011 T 227.9 c:01 57 29 . 38 01 10 4 0 . 7 0 . 38 0 . 37 38 .68 0 .41  z = l .17
A 110.0 01 57 29 .49 01 10 42 .5
B 73 .7 01 57 29 .43 01 10 41 .5
C 30 .2 01 57 29 .38 01 10 39 .4
0158+18 T 270 .3 b:01 58 56 .13 18 22 9 .8 0 .52 0 .52 43 . 63 0 . 1 0  z = .799
A 183.7 01 58 55 .96 18 22 18 .0
B 34 .8 01 58 56 .08 18 22 11.2
C 52 .6 01 58 56.23 18 22 3 .0
(3C57)
0159-117 T 1245.4 a:01 59 30 .40 -11 47 0 . 0 0 .49 0 .41 33 .67 0 . 1 0  z = .669
A 382 .4 01 59 30 .35 -11 46 58 .2
B 832.8 01 59 30 .35 -11 46 59 .7
C 30 .0 01 59 30 .73 -11 47 12 .4
0159-200 S 155.5 c:01 59 52 .28 -20 02 4 4 . 8 0 .48 0 .42 36 . 32 0 . 1 0  z = .493
01 59 52 .30 -20 02 4 5 . 3
0202+319 S? 942 .3 c : 02 02 9 . 66 31 58 10 .8 0 .55 0 .45 71 .7 4 0 . 1 9  z = l .466
02 02 9 .66 31 58 10 .4
0215+015 D2 1270.7 c:02 15 14 .08 01 31 0 . 2 0 .87 0 . 7 4 48 .61 0 . 2 6  z = l .3447
A 1263.6 02 15 14.12 01 31 0 . 2
B 6 .1 02 15 14.38 01 30 59 .8
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m s  ° > »
Clean Beam
Maj. Min. PA Limit 
(") (") ( ° ) ( m J y / B )  Notes
0215-16 T 26 5 .8 c :02 15 34 .74 -16 44 59 .3 0 .49 0 .42 35 . 34 0 . 0 8  z = .516
A 89 .3 02 15 34 .39 -16 44 52 .2
B 153.4 02 15 34.71 -16 44 59 .6
C 25 .1 02 15 34.47  -16 45 13.3
0222+000 S 94 .2 c :02 22 34 .2  00 03 38 .0 0 .88 0 .77 47 .58 0 . 0 9  z = .523
02 22 34.20 00 03 36 .0
0222-008 T 391 . 5 a:02 22 34.63 -00 49 0 3 . 4 0 .96 0 .76 49 .48 0 . 1 0  z = .687
A 66 .7 02 22 34 .22  -00 49 6 . 5
B 4 . 0 02 22 34.65 -00 49 4 . 3
C 318 .3 02 22 35.06 -00 49 1.1
SI 3 . 0 02 22 30.98 -00 49 4 3 . 9
0223+012 D 146 .2 c :02 23 34.9  01 16 03 .0 0 .88 0 .76 47 .93 0 . 08  [PKS90]
A 67 .6 02 23 34.97 01 16 0 . 0
B 92 .0 02 23 35.00 01 15 5 8 . 4
0225-014 T 156.0 c :02 25 35.03 -01 29 3 . 9 0 .98 0 .77 49 .42 0 . 0 8  z = 2 .037
A 7 . 8 02 25 34.09 -01 29 5 . 7
B 2 5 . 4 02 25 34.31 -01 28 59 .8
C 96 .9 02 25 35 .04  -01 29 3 . 7
D 25 .5 02 25 35.25 -01 29 8 . 0
0226-038 D? 719 . 3 b:02 26 22.06 -03 50 58 .0 1.09 0 . 83 48 .6 6 0 . 1 7  z = 2 .064
A 65 7 .4 02 26 22 .07 -03 50 58 .6
B 4 5 . 5 02 26 22.11 -03 51 0 .1
C 6 . 2 02 26 22.35 -03 51 2 .5
D 4 .1 02 26 22.45 -03 51 3 .1
(3C68.1)
0229+341 C 66 9 .7 c :02 29 27.24 34 10 34.1 0 .52 0 .45 75 .59 0 . 1 3  z = l .238
02 29 26.94 34 10 55 .8
0232-025 D 317 .5 a:02 33 0 .56  -02 32 34 .8 1.05 0 .82 48 .69 0 . 1 4  z = l .322
A 231 .9 02 33 0 .39  -02 32 36 .3
B 85 .1 02 33 0 .82  -02 32 34 .2
0256+075 D 939 . 7 n: 02 56 47 .0  07 35 45 .3 0 .73 0 .63 49.93 0 . 1 4
A 4 . 1 02 56 46 .66  07 35 48 .7 [S0VER.S88
B 93 3 .3 02 56 46 .99  07 35 45 .2
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s / " (") (") (°) (mJy/B)Notes
0300-00 T 371 .7 b:03 00 39 . 5 2  -00 26 39 .8  0 . 87 0 . 7 8 4 7 . 19  0 . 1 4  z = .693
A 81 . 0 03 00 39 . 5 8  -00 26 35 .7
B 4 1 . 7 03 00 39 . 55  -00 26 40 .2
C 247.8 03 00 39 . 59  -00 26 4 3 . 6
0312-03 T 34 4 .4 b:03 12 52 . 0 4  -03 27 4 9 . 8  0 . 8 8 0 .88 4 5 .1 4  0 . 1 2  z = l .072
A 160.7 03 12 5 2 . 22  -03 27 30 .9
B 5 . 3 03 12 52 .0 0  -03 27 50 .3
C 176.7 03 12 51 .71  -03 28 11.7
0317-02 (abort) c :03 17 5 6 . 50  -02 19 24 .0 z = 2 .092
(3C94)
0350-073 T 688.1 c:03 50 4 . 0 2  -07 19 55 .8  0 .45 0 .45 43 .8 7  0 .12  z = .962
A 59 .9 03 50 2 . 8 9  -07 19 53 .3
B 11 .8 03 50 4 . 0 1  -07 19 56 .0
C 583 .8 03 50 5 . 7 5  -07 19 58.3
0403-132 D 2760.1 c :04 03 13 .98 -13 16 17 .9  0 . 46 0 .42 40 . 0 4  0 .49  z=.571
A 1223.1 04 03 13 .98 -13 16 18.0
B 1559.1 04 03 13 .95  -13 16 19 .0
0404+177 D2 189.4 b: 04 04 36 . 15  17 42 52 .5  0 . 5 4 0 .51 37 .46 0.11 z = l .712
A 14 .6 04 04 36 .15  17 42 53 .5
B 176 .2 04 04 36 . 6 8  17 42 57 .5
0405-123 T 1279.9 c: 04 05 27 .45  -12 19 31 . 8  0 .47 0 .42 38 .37 0 .22  z = .574
A 274 .6 04 05 27 . 6 2  -12 19 13.9
B 899.6 04 05 27 . 47  -12 19 32 . 4
C 180.9 04 05 27 . 17  -12 19 45 .2
0414-189 S 583.1 c :04 14 23 .35  -18 58 29 .7  0 .49 0 .42 36 .75 0 .18  z = l .536
04 14 23 .35  -18 58 29.7
0415-200 blank c : 04 15 6 . 4 2  -20 02 10.3 z = .604
0430+052 D2 2892 .5  n :04 30 31 .6  05 14 59 .7  0 .77  0 .63  49 .97  0 .50  G(Syl)
A 101 .2  04 30 31 .35  05 14 59 .0  [S0VERS88]
B 2790 .3  04 30 31 .60  05 14 59.5
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 ' "  (") (") (°) (m Jy/B) Notes
0446-208 T 113.1 c :04 46 4 9 .2 2  -20 49 55 .8 0 .52 0 .4 2 32.19 0 .07 z = l .896
A 14 .5 04 46 47 .2 8  -20 49 50 .1
B 63.9 04 46 49 .1 9  -20 49 56 .1
C 14.1 04 46 50 .9 0  -20 49 59 .0
0450-220 T 201 .0 c :04 50 36 .91 -22 06 14.1 0 .53 0 .42 32 .27 0 .10 z = .898
A 129.7 04 50 36 .6 3  -22 06 8 .0
B 15.1 04 50 36 . 93  -22 06 14.2
C 61.8 04 50 37.31 -22 06 19 .4
0454+039 S 357 .6 b:04 54 8 .91  03 56 14.6 0 .65 0 .49 54 .82 0 .18 z = l .349
04 54 8 . 9 7  03 56 14.4
0504+03 D2 489 .4 c:05 04 59 . 26  03 03 59 .0 0 .37 0 . 36 41 .47 0 .18 z=2.463
A 105.9 05 04 59 .1 4  03 04 0 .3
B 386.2 05 04 59 . 2 4  03 03 59.2
0534-201 T 188.4 c:05 34 12.86 -20 07 18.9 0 . 54 0 .4 2 30 .04 0 .10 z = .995
A 8. 6 05 34 13.03 -20 07 14.6
B 174.1 05 34 12.88 -20 07 19.2
C 11.2 05 34 12.79  -20 07 25.3
0537-158 D 45 8 .4 n:05 37 17.1 -15 52 4 .1 0 .50 0.41 32.57 0 .16 z = .947
A 15.1 05 37 17.51 -15 51 59.6 [HB89]
B 440 .8 05 37 17.16 -15 52 4 .6
0557-16 T 148.3 c:05 57 27 .19  -16 52 18.4 0 .55 0.41 27.38 0 .11 z = l .24
A 94.2 05 57 26 .27  -16 52 11.8
B 17.3 05 57 2 7 . 19  -16 52 17.5
C 34.9 05 57 27 .38  -16 52 20 .6
SI 3 .3 05 57 28 .1 5  -16 51 50.3
0602-31 C 1015.3 c:06 02 2 2 . 5  -31 55 48 .0 0 .63 0.41 26 .12 0 .33 z = .452
06 02 22 . 45  -31 55 41 .3
0606-223 S? 646.5 c:06 06 53 .42  -22 19 47 .2 0 .59 0 .41 25.21 0 .18 z = l .926
06 06 53 . 3 8  -22 19 46 .2
0657+176 T 83 .3 c :06 57 37 .1 4  17 40 8 .3 0 .45 0 .42 30 .46 0 .08 z = .722
A 41 .3 06 57 37 .19 17 40 21 .3
B 10.3 06 57 37 . 09  17 40 8 .3
C 35 .4 06 57 37 . 0 0  17 40 2 .5
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Maj. Min. PA Limit
Source Type (mJy) h m s 0 / n (") (") (°) (m Jy/B ) Notes
(3C175.0)
0710+118 T 322.3 c : 07 10 15.38 11 51 23 .9 0 . 46 0 .42 23 .27 0 . 1 4  z = .768
A 166.7 07 10 13.90 11 51 6 . 4
B 48 . 8 07 10 15.38 11 51 2 4 . 4
C 229 .9 07 10 16.66 11 51 34 .2
(3C181)
0725+147 T 643 . 4 c : 07 25 20.36 14 43 4 7 . 2 0 .46 0.41 24 .05 0 . 11  z=1.382
A 214 .5 07 25 20 .12 14 43 4 7 . 5
B 8 . 2 07 25 20 .21 14 43 4 6 . 8
C 418 .1 07 25 20.49 14 43 4 4 . 9
0741+169 02 147.9 c : 07 41 3 .58 16 55 24 .4 0 .45 0.41 23 .66 0 . 09  z = l .894
A 35 .8 07 41 3 .59 16 55 2 4 . 4
B 113.1 07 41 3 .66 16 55 23 .6
0742+103 S 3585.1 n: 07 42 48 .5 10 18 33 .0 0 .50 0.43 13.75 0 . 3 4  RadioS
07 42 48 .47 10 18 32 .6 [PKS90]
(3C197)
0814+227 T 417 . 6 c : 08 14 38 .15 22 46 38 .6 0 . 4 5 0 .42 28 .63 0 . 1 0  z = .98
A 91 .1 08 14 37 .94 22 46 50 .2
B 4 4 . 4 08 14 38.17 22 46 3 8 . 4
C 286.6 08 14 38.29 22 46 26 .4
0823+033 S 1386.1 n:: 08 23 13.6 03 19 15.4 0.51 0 .42 14 .62 0 . 2 2  z = 0 .506
08 23 13.54 03 19 15.3 [RUSSELL91]
(4C19.30)
0827+193 T 128.5 c;:08 27 10.95 19 20 47 .5 0 .46 0 .42 25.31 0 . 0 9  z = .658
A 35 .6 08 27 11.59 19 20 57 . 4
B 9 . 4 08 27 11.00 19 20 47 .2
C 74 .5 08 27 10.61 19 20 38 .3
0828-03W T 307.7 b:: 08 28 15.31 -03 30 36 .4 0 .56 0.42 7 . 5 4 0 . 0 9  z=?
A 111.3 08 28 15.26 -03 30 33 .0
B 55 . 7 08 28 15.35 -03 30 37 .2
C 140.0 08 28 15.40 -03 30 38 .7
0830+112 blank c:: 08 30 35 . 7 11 15 30 .0 z = 0 .589
(4C19.31)
0836+195 D2 156.4 c :08 36 15.0 19 32 24 .4 0 .45 0 .42 26 .38 0 . 0 9  z = l .691
A 80 .0 08 36 15.30 19 32 38 . 0
B 73.7 08 36 14.97 19 32 24 .9
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(°) (mJy/B)  Notes
(3C207)
0838+133 T 1133.7 c : 08 38 1.72 13 23 5 . 6 0 . 47 0 . 4 2 24 .08 0 . 23  2=.684
A 227 .1 08 38 1 .39 13 23 7 . 7
B 38 5 .5 08 38 1.73 13 23 5 . 6
C 510 . 0 08 38 2 . 02 13 23 5 . 3
0839+187 S 893.1 c : 08 39 14.1 18 46 27 .0 0 . 46 0 . 4 3 27 .91 0 . 1 9  z = l .27
08 39 14.09 18 46 27 . 3
0845-051 S 319 .5 c : 08 45 29 .55 -05 09 26 .7 0 . 57 0 . 42 4 . 49 0 . 1 3  z = l .242
08 45 29 .56 -05 09 27 .5
(3C208)
0850+140 T 556.1 c : 08 50 22 .79 14 03 58 .3 0 . 46 0 . 42 24 .25 0 .11  z = l .110
A 110 .4 08 50 22 .36 14 04 16.3 e=l
B 52 .4 08 50 22 .69 14 04 17.4
C 39 2 .9 08 50 23 .13 14 04 18.7
(LB9013)
0856+170 T 165.3 c : 08 56 4 . 0 9 17 03 9 .1 0 . 4 6 0 . 4 2 23.71 0 . 0 8  z = l .449
A 118.4 08 56 3 .95 17 03 2 .8
B 8 . 6 08 56 4 . 26 17 03 7 . 8
C 35 .8 08 56 4 . 52 17 03 9 .1
0902-256 S 332.2 c : 09 02 40 . 83 -25 40 50.9 0 . 65 0 . 33 12.88 0 .22  z = l .635
09 02 40 .8 8 -25 40 51 .5
0907-023 T? 361 .9 b:09 07 13.11 -02 19 15.9 0 . 5 6 0 . 4 3 2 . 1 5 0 . 16  z = .957
A 6 . 5 09 07 13 .02 -02 19 14 .4
B 351.2 09 07 13.10 -02 19 16.1
C 3. 0 09 07 13.13 -02 19 17.2
(4C05.38)
0911+053 S? 82 .3 c : 09 11 24.0 05 20 17.0 0 . 52 0 . 43 4 . 4 0 0 . 13  z = .303
09 11 23 .93 05 20 17.3
0913-025 T 176.5 b:09 13 49.01 -02 32 3 .0 0 .56 0 . 43 2 .63 0 .0 9  z = l .203
A 110.2 09 13 48 . 58 -02 32 6 . 4
B 22 .9 09 13 49 .03 -02 32 3 . 3
C 38 .1 09 13 49 .55 -02 31 58 .3
0915-213 D2 461 . 4 n:09 15 10 .4 -21 18 56 .3 0 .61 0 .3 4 11.85 0 . 2 3  z - .847
A 420.1 09 15 10.44 -21 18 57 .2 [HB89]
B 23.1 09 15 10.21 -21 19 3 .2
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 / n (") (") (°) (mJy/B)  Notes
0919-260 S 1359.5 c :09 19 16.67 -26 05 53 .5 0 .6 8 0 . 33 11.25 0 . 2 2 z = 2 .30
09 19 16.71 -26 05 54 . 6
0922+14 T 2 10 .3 c: 09 22 22 .41 14 57 2 3 . 2 0 .47 0 . 42 14.02 0 . 0 8 z=.896
A 105.8 09 22 22 . 89 14 57 4 5 . 0
B 4 4 . 0 09 22 22 . 35 14 57 2 3 . 8
C 64 .7 09 22 21 .91 14 57 6 . 5
0952+097 T 130.1 a: 09 52 17.16 09 44 8 . 8 0 .61 0 .57 25 .33 0 .08 z = .298
A 58 .0 09 52 16.77 09 44 14 .6
B 12.0 09 52 17.22 09 44 9 . 3
C 58 .9 09 52 17.59 09 44 8 .3
0952+35 T 139.0 c:09 52 49 .3 35 47 37 .7 0 .45 0 .43 25 .22 0 . 07 z = l .241
A 78 .2 09 52 48 .1 8 35 47 37 .7
B 12.0 09 52 49 .2 9 35 47 38 .0
C 4 3 . 4 09 52 49 . 75 35 47 3 7 . 4
0953+254 S 572 .2 c:09 53 59 .75 25 29 33 .5 0 .37 0 . 35 6 .02 0 . 1 6 z = .712
09 53 59 . 74 25 29 33 .6
1004-217 S 299 .6 c: 10 04 25 .40 -21 44 44 . 0 0 . 66 0 .33 3 .63 0 .27 z = .331
10 04 25 .50 -21 44 40 .5 e=10
1004+13 S 2 9 . 8 c: 10 04 45 .05 13 03 37.1 0 .39 0 .36 11 .29 0 .10 z = .240
10 04 45 . 03 13 03 36 .9
1009-321 D2 173 .0 c: 10 09 41 .8 -32 08 4 5 . 0 1 .12 0 .43 3 .04 0 .13 z = l .757
A 2 . 5 10 09 41 .61 -32 08 45 .1 e=10
B 170.0 10 09 41.81 -32 08 4 5 . 4
1012+022 T 241.2 b: 10 12 40 . 80 02 13 49 .3 0 .51 0 .42 19.82 0 .09 z = l .374
A 40 .3 10 12 40 .63 02 13 4 8 . 0
B 33 .7 10 12 40 .79 02 13 4 9 . 9
C 165.2 10 12 41 .19 02 13 49 .5
1020+191 SJ 348.4 c : 10 20 11.9 19 08 46 .0 0 . 4 6 0 .42 21 .60 0 .20 z = 2 . 136
10 20 11.82 19 08 4 5 . 2
1022+194 SJ 611.7 a: 10 22 1 .38 19 27 35 .3 0 .46 0 .42 18.70 0 . 14 z = .828
10 22 1.47 19 27 34 .7
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 / ti (") (") ( ° ) ( m Jy/B ) Notes
1038+064 SJ 1105.5 a: 10 38 40 . 87 06 25 58 .6 0 .50 0 .42 16.61 0 . 27 z = l .270
10 38 40 .89 06 25 5 8 . 4
1040+123 T 1577.3 a: 10 40 6 . 02 12 19 15 .9 0 .47 0 . 42 22 . 68 0 . 2 0 z = l .029
A 319 .6 10 40 5 . 67 12 19 15.3
B 1129.8 10 40 6 . 0 0 12 19 14 .9
C 125.1 10 40 6 . 2 0 12 19 14 .6
1046+053 T 100.7 a: 10 46 56.63 05 21 25 .6 0 .49 0 . 42 20 .67 0 .06 z = l .115
A 58 .5 10 46 56 .22 05 21 2 5 . 4
B 5 . 4 10 46 56 .58 05 21 25 .0
C 39 .4 10 46 56.82 05 21 24 .9
SI 3 . 2 10 46 53 .44 05 20 4 8 . 8 r=0 .99
1049-09 T 59 2 .2 c: 10 48 59.41 -09 02 13 .6 0 .61 0 .43 11.37 0 .19 z = .344
A 284 . 5 10 48 57 .35 -09 01 54 .2
B 52 .2 10 48 59 .40 -09 02 14.2
C 269 .7 10 49 2 .09 -09 02 38 .4
1050-184 S 228.8 c : 10 50 6 .9 -18 29 21 .0 0 .62 0 .43 22 .65 0 .13 z= . 544
10 50 7 .48 -18 29 20 .9 e=10
1055+018 S? 2657.0 b: 10 55 55 .33 01 50 3 . 4 0 .51 0 . 42 19.11 0 .18 z = .888
10 55 55 .32 01 50 3 .5
1057+05W S 21 7 .4 n: 10 57 36 .3 05 00 8 . 0 0.51 0 . 42 14.83 0 .12 [PKS90]
10 57 36.21 05 00 8 .1
1058+11 T 157.0 c : 10 58 10.8 11 02 19 .4 0 .58 0 . 55 33.06 0 .10 z = .423
A 64 .2 10 58 9 .62 11 02 21 .5
B 69 .1 10 58 10.75 11 02 20 .4
C 58 .7 10 58 11.93 11 02 19 .4
1103-006 T 359 .1 a: 11 03 58 .24 -00 36 38 .8 0 .53 0 .42 17.88 0 .09 z = .426
A 127.0 11 03 57 .56 -00 36 32 .0
B 117.3 11 03 58 .23 -00 36 38 .8
C 120.5 11 03 58.65 -00 36 4 3 . 6
1104+058 T 134.3 b: 11 04 40 .59 05 49 22 .2 0 .50 0 . 42 18.18 0 . 10 z = .881
A 47 .3 11 04 40 . 79 05 49 27 .2
B 33 .3 11 04 40 .57 05 49 20 .9
C 45 .8 11 04 40 .24 05 49 13 .9
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Position(1950) Clean Beam 
R.A. Dec. Maj. Min. PA 
m s  0 ' " (") (") ( ° ) (
Limit 
m Jy/B ) Notes
1110-217 S 675.0 n: 11 10 21 .7 -21 42 10 .0  0 .67 0 . 4 3 19.45 0 . 20 Radio S
11 10 21 .72 -21 42 9 .6 [PKS90]
1111+149 C 385 .8 c: 11 11 21 . 27 14 58 47 .7  0 .46 0 . 4 2 22 .82 0 . 18 z = .869
11 11 21.31 14 58 47 .6
1118+128 T 49 .7 a: 11 18 5 3 . 43 12 52 4 4 . 5  0 .48 0 . 4 2 21.11 0 . 0 7 z = .685
a 39.1 11 18 53 .06 12 52 52.1
B 9 .0 11 18 53 .39 12 52 44 .3
C 6. 3 11 18 54 .20 12 52 37 .9
1130+106 T 364 .2 a: 11 30 24 .19 10 40 16.8 0 .48 0 . 4 2 19.08 0 . 1 0 z = .540
A 96.1 11 30 24 .07 10 40 17.5
B 126.5 11 30 24 .20 10 40 16.5
C 121.8 11 30 24 .29 10 40 16.6
1136-135 T 1512.9 c: 11 36 38.51 -13 34 5 .9  0.61 0 . 42 17.71 0 . 24 z = .557
A 485 .9 11 36 37.91 -13 34 1.5
B 388.8 11 36 38 . 53 -13 34 6 .3
C 554 .0 11 36 38.81 -13 34 8 .1
1148-171 S 510 .6 c : 11 48 30 .45 -17 07 19 .9  0 .67 0 .42 13 .34 0 .23 z = l .751
11 48 30 .39 -17 07 18 .9
1156-221 D 522.7 c : 11 56 37 . 77 -22 11 55 .0  0 .76 0 .42 10.41 0 .17 z = .565
A 415 .6 11 56 37 .78 -22 11 54 .9
B 81 .7 11 56 37 .84 -22 11 55 .5
1158+007 T? 233.5 c : 11 58 50 .10 00 44 54 .0  0 .52 0 .42 18.41 0 .09 z = l .370
A 74 .3 11 58 49 .3 7 00 45 12.1 e=10
B 146.4 11 58 49 .49 00 45 10 .4
C 6.7 11 58 49 .59 00 45 10.1
1159-036 T 36.1 c: 11 59 38 .4 -03 37 50 .0  0 .55 0 . 42 18.98 0 .05 z = l . 102
A 13.6 11 59 37 .68 -03 37 45 .4
B 2 .3 11 59 38 .95 -03 37 53.1
C 30.3 11 59 40 .20 -03 37 56 .5
1200-051 T? 508 .4 c : 12 00 0 . 63 -05 11 24 .1  0 .54 0 .42 21 .26 0 .17 z = .381
A 17.4 12 00 0 . 24 -05 11 21.4
B 477.6 12 00 0 . 43 -05 11 20 .4
C 12.4 12 00 0 . 6 0 -05 11 18.2
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m s  o / //
Clean Beam 
Maj. Min. PA
(") n (°) (
Limit 
m Jy/B ) Notes
1201-026 D 5 6 . 9 n: 12 01 8 . 3 -02 38 30 .0 0 .53 0 .42 20 .24 0 . 1 6  Radios
A 4 3 . 6 12 01 8 .01 -02 38 24 .0 [PKS90]
B 2 4 . 2 12 01 8 . 55 -02 38 31 .5
1202-262 T? 1078.0 n: 12 02 58 .7 -26 17 21 .9 0 .87 0 .42 7 . 00 0 . 6 8  z = .789
A 27 .7 12 02 58 .68 -26 17 17.6 [HB89]
B 774 . 1 12 02 58 .85 -26 17 22.7
C 196 .3 12 02 58 .47 -26 17 31 .5
1203+011 S 143.5 c: 12 03 14 .78 01 10 26 .2 0 .50 0 .42 22 .78 0 . 1 2  z = .104
12 03 14.75 01 10 25 .8
1203+109 T 108.2 a: 12 03 22 . 62 10 59 35 .4 0 .47 0 .43 27 .88 0 . 1 2  z = l .088
A 4 0 . 7 12 03 22 .63 10 59 37 .2
B 49 .1 12 03 22 .59 10 59 35 .7
C 15 .4 12 03 22 .65 10 59 33 . 7
1205-008 D2 110.0 c: 12 05 7 .89 -00 49 55 .6 0 .50 0 .42 27.65 0 . 1 0  z = l .007
A 5 . 5 12 05 7 .51 -00 49 56 .4
B 104.8 12 05 7 . 8 9 -00 49 55 .0
1210+133 C 72 2 .2 a: 12 10 59 .28 13 24 1 .3 0 .47 0 .43 27.55 0 . 23  z = l .137
12 10 59.23 13 24 0 .9
1215+113 D2 169.4 c : 12 15 53.31 11 21 44 .6 0 .46 0 .43 33.95 0 . 09  z = l .403
A 155.2 12 15 53 . 33 11 21 44 .5
B 14 .9 12 15 54 .45 11 21 43 .8
1216-010 S 362.5 c : 12 16 1 .12 -01 03 14.8 0 .52 0 .42 24.42 0 . 1 9  z = 0 .415
12 16 1.07 -01 03 15.1
1217+023 S 320 .9 c : 12 17 38.35 02 20 20 .9 0 .49 0 .42 26.92 0 . 16  z = .240
12 17 38 .34 02 20 20.9
1217+02 S 32 0 .4 c: 12 17 38 .35 02 20 20 . 9 0 .47 0 .42 33.38 0 . 22  z = .240
12 17 38 . 34 02 20 20 .9
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m s  o ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (° )(m J y /B )  Notes
(4C18.34)
1221+186 T 113.0 c : 12 21 14.61 18 37 43 .3 0 . 4 4 0 .43 38 .63 0 . 0 7  z = l .403
A 52.2 12 21 13.78 18 37 5 0 . 4
B 25 .1 12 21 14.61 18 37 43 .8
C 38 .1 12 21 15.15 18 37 37 .4
1222+037 S 824 .5 b: 12 22 19.05 03 47 27 .2 0 . 4 9 0 . 42 24.41 0 . 1 3  z = .957
12 22 19.10 03 47 27.1
1225-02W D 238 .8 n: 12 25 23 .2 -02 20 26 .0 0 .51 0 . 42 25 .88 0 . 1 2  [PKS90]
A 84 .6 12 25 23.23 -02 20 23 .9
B 152.2 12 25 23.35 -02 20 24 .3
1229-021 T 87 8 .4 a: 12 29 25.88 -02 07 31 .9 0 .51 0 .42 24 .58 0 . 1 6  z = l .038
A 201.2 12 29 25.77 -02 07 31 .8
B 594.4 12 29 25 .90 -02 07 31 .7
C 66 .4 12 29 26.71 -02 07 26 .3
1232-249 T 157.6 c: 12 32 59 .4 -24 55 46 .0 0 .71 0 .71 45 . 00 0 . 7 3  z = .355
A 33.9 12 32 58.08 -24 54 51.8
B 10.4 12 32 59.36 -24 55 45 .5
C 72 .6 12 33 0.42 -24 56 33 .5
(3C281)
1305+069 T 201.2 c: 13 05 22.48 06 58 12.9 0 . 4 8 0 . 4 2 27 .42 0 . 1 2  z = .602
A 134.5 13 05 22.70 06 58 30 .4
B 19.8 13 05 22.46 06 58 13.9
C 78 .1 13 05 21.92 06 57 57.7
1307+12W S 1204.2 c: 13 07 4 .37 12 10 22 .9 0 . 4 7 0 . 43 27 .99 0 . 2 6  BL Lac
13 07 4 .35 12 10 22 .4
1313-333 T? 1009.6 c : 13 13 20.09 -33 23 10 .5 0 . 57 0 .43 31 .39 0 . 2 3  z = l .21
A 11.4 13 13 20.09 -33 23 6 . 5
B 986.8 13 13 20 .05 -33 23 9 .7
C 7.0 13 13 20.22 -33 23 11.6
1328+307 D2 7268.9 c: 13 28 49.67 30 45 58 .6 0 . 4 4 0 .43 42 .58 1 .36  z = .849
A 93 .4 13 28 49.47 30 45 57 .4
B 7154 .2 13 28 49 .65 30 45 58 .6
1328-034 S 208.2 c : 13 28 53 .9 -03 25 4 8 . 6 0 .5 3 0 .42 21 .92 0 .1 8  z = l .352
13 28 53.80 -03 25 48 .6
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( ° ) (
Limit 
mJy/B)  Notes
1331+025 C 14.3 c: 13 31 17.3 02 34 6 . 0 0 . 49 0 .42 25.02 0 .1 5  z = l .228
13 31 11.35 02 34 36 .1 e=10
1335+023 S 94 . 0 c: 13 35 7 02 22 12.8 0 .50 0 .42 23.78 0 . 1 2  z = l . 353‘
13 35 6 .93 02 22 12.3
1337-000 S 8 .6 n: 13 36 59 .8 -00 01 12 .0 0 .51 0 . 4 2 25.69 0 . 2 0  z = l .808
13 37 0 .39 -00 01 24 .1 [HB89]
e=10
1337-013 S 254 .4 c: 13 37 30 .18 -01 22 35.1 0 .52 0 .42 24.81 0 . 15  z = l .619
13 37 30.11 -01 22 36.1
1345+125 S 2878.2 n: 13 45 6 .2 12 32 20.1 0 . 46 0 .42 29.42 0 . 09  G(Sy2)
13 45 6 .17 12 32 20 .3 [C0ND0N9:
1349-145 S 826 .4 c: 13 49 10.8 -14 34 27 .0 0 .47 0 .43 39 .94 0 . 2 4  Radios
13 49 10.75 -14 34 27 .0 [PKS90]
1349+02W S 45 5 .3 c : 13 49 58 .3 02 47 34 .0 0 .49 0 .42 26.65 0 . 17  RadioS
13 49 58.38 02 47 33 .5 [PKS90]
1351+021 D 267 . 2 b: 13 51 18.91 02 06 37 .2 0 .50 0 .42 24.46 0 . 09  z = l .606
A 26 .7 13 51 18.48 02 06 34 .2
B 225 .7 13 51 18.91 02 06 37 .5
C 22 .7 13 51 19.17 02 06 38 .4
1352-204 blank c : 13 52 58.85 -20 23 53 .5 0 . 1 4  z = .627
1354-176 T 246 .4 c:13 54 9 .54 -17 37 14 .3 0 .4 9 0 . 43 36.34 0 . 0 7  z = .566
A 116.5 13 54 9 .03 -17 37 16 .7
B 10 .2 13 54 9 .53 -17 37 15 .2
C 118.9 13 54 9.80 -17 37 14 .5
1356+022 SJ 554.0 b: 13 56 54.65 02 14 27.1 0 .50 0 .42 23.69 0 . 1 6  z = l .329
13 56 54.59 02 14 26 .3
1403-085 S 69 9 .6  c :14  03 21.88  -08 33 56 .8  0 . 47  0 . 4 3  37.89 0 .31  2=1 .763
14 03 21.65  -08  33 49 .7
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 i // (") (") (°) (m Jy/B ) Notes
1405-287 SJ 440 .7 c : 14 05 56.26 -28 46 8 . 4 0 .52 0 .43 35 .30 0 . 1 6 z= .575
14 05 56.38 -28 46 12.7
1407+02W SJ 304.1 c : 14 07 32.21 02 17 14.9 0 .50 0 .42 24.66 0 . 1 2 BL Lac
14 07 32.23 02 17 14 .8
(3C298.0)
1416+067 D2 1605 .8 c:  14 16 38.78 06 42 20 .9 0 .48 0 .42 25 .26 0 . 2 3 z = l .436
A 1046.0 14 16 38.77 06 42 20 .9
B 5 59 .4 14 16 38.85 06 42 20 .9
1424-118 T 331 .5 c : 14 24 55.97 -11 50 25 .6 0 .49 0 .42 34.72 0 . 08 z = .806
A 160.7 14 24 54.11 -11 50 10 .7
B 15 .1 14 24 55.93 -11 50 25 .4
C 156.6 14 24 57.26 -11 50 41 .0
1430-178 SJ 7 5 0 . 4 c: 14 30 10.56 -17 48 23 .2 0 .48 0 .42 36 .57 0 . 17 z = 2 .331
14 30 10.65 -17 48 24 .3
1434-076 T 22 8 .0 c : 14 34 39.3 -07 40 44 .0 0.47 0 .42 37 .14 0 . 0 5 z = .697
A 60 .9 14 34 37.86 -07 40 40 .5
B 9 .1 14 34 39.40 -07 40 37 .4
C 145.4 14 34 40.79 -07 40 41 .7
1442+101 S 1203.7 c : 14 42 50 .48 10 11 12.2 0.56 0 .54 46 .29 0 .21 z = 3 .535
14 42 50.48 10 11 12.1
1449-012 D? 370 . 2 b: 14 49 12.57 -01 15 17.8 0 .44 0.41 40 .73 0 . 13 z = l .319
A 360.7 14 49 12.57 -01 15 18.0
B 7 .1 14 49 12 .66 -01 15 25 .8
1451+09 T 134.3 b: 14 51 27.93 09 46 33.9 0 .42 0.41 43 . 16 0 . 06 z = .632
A 43 .1 14 51 27.19 09 46 28 .9
B 60 .8 14 51 27.92 09 46 34 .0
C 47 .5 14 51 28.70 09 46 40 .8
SI 8 . 6 14 51 24.53 09 45 43 .5 r = l .18
1452-217 S 264 .9 c: 14 52 45 .5 -21 47 29 .0 0.51 0 .42 34.86 0 . 15 z = .780
14 52 45.73 -21 47 21 .9
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m s  0 ' "
Clean Beam
Maj. Min. PA Limit 
(") (") (°) (m Jy/B ) Notes
1453-109 T 1376.9 c : 14 53 12.22 -10 56 3 9 . 9 0 . 4 8 0 . 42 35 .5 0 0 . 1 5  z = .938
A 231.5 14 53 11.56 -10 56 25 .6
B 161.2 14 53 12.11 -10 56 38 .1
C 989.5 14 53 12.59 -10 56 5 9 . 9
1454-06 T 598.7 c : 14 54 2.58 -06 05 4 0 . 4 0 . 4 6 0 .41 37 . 67 0 . 1 4  z= 1.249
A 224.9 14 54 2 .77 -06 05 3 8 . 8
B 356 .0 14 54 2 .60 -06 05 4 0 . 3
C 12.1 14 54 2.63 -06 05 4 2 . 9
1530+137 T 363 .9 a: 15 30 54.29 13 42 2 8 . 3 0 . 52 0 . 44 29 .13
rHtHt"-IIN00OO
A 187 .4 15 30 53.91 13 42 28 .2
B 4 6 . 4 15 30 54 .22 13 42 27 .8
C 125 .4 15 30 54 .64 13 42 2 3 . 9
1542+042 S 329 .8 c: 15 42 29.8 04 17 6 . 2 0 . 37 0 .37 4 4 .9 9 0 . 1 9  z = 2 .182
15 42 29.72 04 17 6 .1
(4C18.45)
1547+187 T 222 .5 c: 15 47 22 .0 18 44 15 .0 0 . 5 3 0 .45 27 .65 0 . 0 9  z = l .442
A 53 . 9 15 47 21.93 18 44 12.0 e=10
B 92 .2 15 47 21.76 18 44 4 . 8
C 76 .3 15 47 21.57 18 43 58 .8
1555+001 SJ 503 . 7 c: 15 55 17.7 00 06 44 0 .39 0 .37 3 7 . 04 0 . 1 4  z = l .770
15 55 17.69 00 06 4 3 . 5
1606+180 T 20 0 .4 c: 16 06 56.67 18 04 6 . 5 0 .37 0 .37 41 .41 0 . 1 0  z = .346
A 146.2 16 06 56.26 18 04 5 . 3
B 17.2 16 06 56.65 18 04 6 . 4
C 41 .3 16 06 57 .13 18 04 8 . 6
1607+268 S 1618.8 n: 16 07 09.3 26 49 19.0 0 .52 0.51 46 .4 3 o to 00 N II O -0 CO
16 07 9.29 26 49 18.6 [PKS90]
1622+158 T 349.0 a: 16 22 57.81 15 52 9 .7 0 . 44 0 .42 38 .32 0 . 1 7  z = l .409
A 36 .2 16 22 57.53 15 52 11.5
B 69 .8 16 22 57.79 15 52 9 . 7
C 247.3 16 22 58.05 15 52 7 . 3
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s o / // ^  (°) (m Jy/B ) Notes
1700+180 T 119.9  a : 17 00 4 1 . 0 9  18 02 55 . 0  0 . 4 4  0 . 42  33 . 77  0 . 0 9  z=1 .424
A 80 .0  17 00 40 . 7 3  18 02 5 7 . 4
B 3 . 4  17 00 41 .0 7  18 02 55.1
C 32 .5  17 00 41 .3 7  18 02 52 .8
1702+29 C 5 2 4 . 4  c :17  02 10.5  29 51 5 . 5  0 . 4 3  0 . 42  39 . 4 9  0 . 1 3  z=1.927
A 70 .0  17 02 10.36  29 51 3 . 8
B 45 3 . 0  17 02 10.54 29 51 5 . 8
1705+188 S 248 .3  b:17 05 42 . 13  18 50 28 .7  0 . 4 5  0 .42  31 .63  0 . 1 2  z=2.518
17 05 42 . 1 0  18 50 29 .5
1714+219 S 542 .9  n :17 14 2 . 2  21 55 19 .0  0 . 4 3  0 .41  3 4 . 6 4  0 . 1 4  RadioS
17 14 3 . 7 4  21 55 2 8 . 6  [GREG0RY91]
2002-185 D 43 8 . 0  c :20  02 24 .39 -18  30 8 . 9  0 . 68  0 . 44  - 1 4 . 8 0  0 . 1 4  z= .859
A 317 . 9  20 02 24 .41 -18  30 39 .1
B 115.3 20 02 24 .42 -18  30 40 .3
(3C407)
2005-044 T 328 .8  c :20  05 4 6 . 0  - 04  27 18 .0  0 . 5 6  0 . 4 4  - 1 3 . 3 7  0 . 0 9  z= .589
A 159.7 20 05 4 6 . 60  - 0 4  27 11.8
B 135.8 20 05 46 .29  -04  27 17.1
C 71 .9  20 05 45 .85  - 0 4  27 28 .2
2008-068 S 1274.5 n :20  08 33 .7  -06  53 2 . 0  0 . 5 7  0 .43  - 1 5 . 9 5  0 . 3 2  G[PKS90]
20 08 33 .70  -06  53 1 .8
SI 3 0 . 4  20 08 3 2 . 44  -06  53 50 .6
(3C411)
2019+098 T 568 . 3  n :20 19 44.1  09 51 33 .8  0 . 49  0 . 4 4  - 1 3 . 5 3  0 . 1 5  z=0.467  G
A 24 2 .7  20 19 43 .4 0  09 51 3 7 . 2  [SPINRAD85]
B 5 2 . 2  20 19 44 .21 09 51 33.1
C 379.1  20 19 45 .0 5  09 51 27 .6
2024-217 T 25 8 . 3  c :20  24 9 .1  -21 46 16.0  0 . 68  0 . 4 4  - 1 9 . 4 2  0 . 0 6  z= .463
A 140 .4  20 24 8 . 6 2  -21 46 8 . 3
B 8 8 . 5  20 24 9 . 2 2  - 2 1  46 14 .0
C 4 7 . 2  20 24 10.30 -21 46 27 .5
(3C432)
2120+168 T 34 4 . 8  c:21 20 25 .53 16 51 4 6 . 4  0 .51  0 .48  - 5 5 .8 5  0 .11  z=1.805
A 192 .4  21 20 25 .19 16 51 4 8 . 8
B 7 .1  21 20 25.53  16 51 45 .8
C 150 .3  21 20 25.91 16 51 4 0 . 4
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s o ' " (") (") (° )(m J y /B ) Notes
(3C434NHB)
2120+155 T 43 7 .1  c:21  20 54 .4  15 35 11.7  0 . 45  0 . 4 5  - 4 4 .4 4  0 . 1 6  z=0 .322  G
A 199.2 21 20 53 .96 15 35 11.5  [SPINRAD85]
B 2 3 . 0  21 20 54.38  15 35 12.3
C 2 14 . 5  21 20 54 .87 15 35 13.7
2121+053 S 1976.5 c:21  21 14.8  05 22 2 7 . 0  0 . 4 9  0 . 4 5  - 2 9 .7 0  0 . 3 0  z=1 .878
21 21 14.80 05 22 27 .5
2128+08 S 33 2 .5  b:21 28 54 .43 08 59 19.5  0 . 4 6  0 . 4 4  - 3 6 . 6 2  0 . 13  z= .985
21 28 54 .46 08 59 18.9
(4C17.87)
2131+175 T 92 .1  c:21 31 55.51 17 33 3 2 . 4  0 . 50  0 .47  - 6 1 .5 0  0 . 0 6  z=1.215
A 32 .3  21 31 56 .16 17 33 42 .9
B 2 6 . 6  21 31 55 .50 17 33 32 .6
C 30 .1  21 31 55 . 04  17 33 20 .1
2140-048 T? 4 13 . 2  c:21 40 0 .5  - 04  51 29 .0  0 . 5 3  0 . 44  - 2 6 .5 8  0 . 0 8  z= .344
A 14 .9  21 39 59 .60 -04  51 23 .5
B 39 5 .5  21 39 59.97  - 0 4  51 27.7
C 7 . 7  21 40 0 .49  - 04  51 41 .9
2149+069 S 709 .9  c:21 49 2 .06 06 55 21 .0  0 . 4 6  0 .45  - 4 1 .8 8  0 . 2 0  z=1 .364
21 49 2 .07  06 55 21 .0
2207+020 T 230 .3  c :22  07 0 .27  02 03 56 .0  0 . 47  0 . 4 4  - 3 7 .3 1  0 . 0 8  BL Lac
A 191.5 22 07 0 .04  02 03 58.1
B 9 . 4  22 07 0 .22  02 03 55 .5
C 2 1 . 0  22 07 0 .93  02 03 49 .5
2209+080 T 695 .1  a:22 09 32.26  08 04 26 .0  0 . 58  0 .57  - 4 6 .0 4  0 . 1 7  z= . 484
A 156 .9  22 09 32.15 08 04 29 .6
B 27 1 .8  22 09 32 .22 08 04 26.1
C 25 0 .2  22 09 32 .22 08 04 19 .2
2223+210 D2 1044.7 n :22 23 14.7  21 02 50 .0  0 . 5 9  0 . 50  59 .01 0 . 1 9  z=1.9528
A 1013.1 22 23 14.75 21 02 50 .2  [HB89]
B 23 .2  22 23 14.52 21 02 4 7 . 0
2251+113 T 504.1 a : 22 51 40.51  11 20 38 .6  0 . 4 7  0 . 4 3  56.49  0 .09  z= .323
A 164.1 22 51 40 .27 11 20 44 .1
B 18 .5  22 51 40 . 56  11 20 39 .2
C 325 . 7  22 51 40 .73 11 20 36 .4
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Table 2: A Array Flux (continued)
Position(1950) Clean Beam
Flux R.A. Dec. Maj. Min. PA Limit
Source Type (mJy) h m s 0 i n (") (") (°) (m Jy/B ) Notes
2254+024 s 464 .0 b:22 54 44 . 62 02 27 13.8 0 .53 0 . 4 8 50.21 0 . 15  z=2 .09
22 54 44 . 6 2 02 27 14.1
2256+017 s 24 5 . 4 c :22 56 24 .59 01 47 36 .7 0 . 55 0 .51 48 .68 0 . 18  z = 2 .663
22 56 24 . 58 01 47 36 .9
2305+187 c 26 8 . 3 a: 23 05 17.16 18 45 5 .7 0 .57 0 .5 1 55 .06 0 . 08  z= .313
A 65 .3 23 05 16.89 18 45 4 . 7
B 196 .5 23 05 17 .14 18 45 5 . 6
2314+160 D 240.5 c :23 14 9 . 0 16 01 4 0 . 0 0 .55 0 .52 50.56 0 . 1 6  z = .659
A 236.8 23 14 9 . 66 16 01 43 .5 e=10
B 4 . 3 23 14 9 . 85 16 01 44 .7
SI 34 .2 23 14 11.74 16 00 12.3 r=1.60
2314-116 D 95 .1 c: 23 14 4 6 . 06 -11 38 48 .7 0 . 46 0 . 4 2 40 .06 0 . 0 4  z = .549
A 11.1 23 14 4 5 . 57 -11 38 25.1
B 84 .7 23 14 4 6 . 02 -11 38 47 .1
2318+02 C 4 6 . 0 b:23 18 14.40 02 40 34 .4 0 .38 0 . 3 8 44 .61 0 .13  z = l .968
23 18 13.83 02 40 4 . 3
2320+079 S 636 .1 c :23 20 2 . 5 07 55 48 .0 0 . 5 2 0 . 49 48 .21 0 . 3 4  z=2.09
23 20 3 .91 07 55 33 .7 e=10
2328+107 S 1095.4 c :23 28 9 .1 10 43 48 0 .60 0 .59 46 .02 0 .18  z = l .489
23 28 8 . 79 10 43 45 .5
2332-017 D2 509 .4 b:23 32 46 .4 3 -01 47 44 .7 0 .37 0 .36 43.01 0 .15  z = l .184
A 48 4 .2 23 32 46 .4 2 -01 47 4 5 . 4
B 21 .3 23 32 46 . 67 -01 47 47 .5
2340-036 D? 164.0 c :23 40 22 .5 -03 40 20 .0 0 .48 0 . 44 39 .28 0 .05  z = .896
A 163.6 23 40 22 . 5 0 -03 39 5 . 4 e=10
B 5 .2 23 40 25 .15 -03 39 11 .3
2351-006 S 354 . 5 b : 23 51 35 .38 -00 36 29.1 0 . 4 4 0 . 42 41 . 04 0 . 14  z = .464
23 51 35 .39 -00 36 29 .7
2356+196 S 550.9 c : 23 56 12.5 19 38 36 .0 0 . 55 0 . 49 56 .64 0 .16  z = l .066
23 56 12.58 19 38 38 .3
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Table 3: Morphology
Object Type LAS BA z Note
0003+15 T 35.5 7 . 7  0 .450 FRII
0003-003 D 4 .8
0006+014 T 15.2 0 . 0  1 .302 FRII? a d i f f u s e  lo b e
0033+079 T 3 . 4 2 7 . 3  1 .578 FRII,  w e l l  curved
0033+098 T 6. 0 26 . 6  1.918 FRII? bent  a t  l e a d i n g  edge
0038-019 T 18.9 12 .6  1 .690 FRII, bent  at  l e a d i n g  edge
0103-021 D 4 . 7
0115+027 T 13.2 0 . 0  0 . 672 FRII
0118+034 T 45 .6 1 .0  0 .765 FRII?, d i f f u s e  lo b es
0123-226 T 5.0 10 .0  0 .720 FRII
0130-171 D 5.6
0137+012 T 27 .8 0 . 0  0 . 260 FRI? p e c u l i a r  lo b e
0148-202 D 3.1 14 .6  0 . 859 a lobe i s  very weak
0154+31A T 7 .2 10 .0  0 .373
0155-109 T 1.9 2 2 . 2  0 .616 FRII,  extended em iss ion
0157+011 T 3.6 2 1 . 2  1 .170 FRII? p e c u l i a r  lob e
0158+18 T 15.5 2 . 0  0 .799 FRII
0159-117 T 15.2 2 1 . 0  0 .669 FRII
0202+319 S? 1.1 s l i g h t l y  r e s o l v e d
0215-16 T 21.0 4 7 . 0  0 .516 FRII,  p e c u l i a r  j e t
0215+015 D2 3 .6 very weak lob e
0222-008 T 14.2 9 . 0  0 .687 FRII
0223+012 D 1.6
0225-014 T 16.4 34 .5  2 .037 FRII,  the  4 th comp.
0226-038 D? 1.7
0232-025 D 6.9
0256+075 D 6. 0 very weak lob e
0300-00 T 7 .9 13 .2  0 .693 FRII,  bent
0312-03 T 41 .2 1 .0  1 .072 FRII,  c o l l i n e a r
0350-073 T 43 .8 5 . 0  0 .962 FRII, c o l l i n e a r
0403-132 D 1.1
0404+177 D2 8 .5
0405-123 T 32.0 11 .0  0 .574 FRII,  p o i n t - l i k e  lo b es
0430+052 D2 3 .9
0446-208 T 52.1 5 . 9  1 .896 FRII,  p o i n t - l i k e  lo b es
0450-220 T 14.7 0 . 0  0 .898 FRII?, a lob e  i s  d i f f u s e
0504+03 D2 1.9
0534-201 T 11.2 13 .0  0 .995 FRII,  bent
0537-158 D 7.0
0557-16 T 18.6 0 . 0  1 .240 FRII?, a lobe i s  d i f f u s e
0602-31 C 2.3 8 . 5 bad data
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Table 3: Morphology (continued)
Object Type LAS BA z Note
0657+176 T 19.1 7 . 8  0 .722 FRII,  a blob j e t
0710+118 T 49 .5 12.2 0 .768 FRII
0725+147 T 6 . 2 0 .0  1 .382 FRII
0741+169 D2 1 .2
0814+227 T 24 .2 7 . 6  0 .980 FRII
0827+193 T 23 .6 6 . 6  0 . 658 FRII
0828-03w T 8 . 5 14.0 z=? FRI, hot  sp o ts  in  near edges
0836+195 D2 13.9
0838+133 T 11.7 19.8  0 . 684 FRII,  dog leg
0850+140 T 11 .4 2 .0  1.110 FRII?,  c o l l i n e a r
0856+170 T 10 .4 30.0  1.449 FRII,  dog leg
0907-023 T? 3 . 4 0 . 0  0 .957
0913-025 T 16.9 9 . 0  1 .203 FRII
0915-213 D2 7 .2 only  one lob e
0922+14 T 40 .9 0 .0  0 .896 FRII?,  a d i f f u s e  lobe
0952+35 T 19.3 9 .0  1.241 FRII
0952+097 T 12.6 12.5 0 .298 FRII?
1009-321 D2 2 . 4 very weak lob e
1012+022 T 8 . 4 40 .8  1.374 FRII,  curved lobe
1020+191 SJ 2 .1 one j e t
1022+194 SJ 9 . 2 one j e t
1040+123 T 7 . 8 2 . 5  1.029 FRII,  c o l l i n e a r
1046+053 T 9 .3 2 .0  1.115 FRII,  c o l l i n e a r
1049-09 T 83 .7 2 . 0  0 .344 FRII,  c o l l i n e a r
1058+11 T 34 .9 0 . 0  0 .420 FRII , c o l l i n e a r
1103-006 T 19 .9 3 . 0  0 .426 FRII? ,curved j e t
1104+058 T 15 .5 9 . 2  0 .881 FRII,  o f f - a x i s  j e t
1118+128 T 22 .0 30.0  0 .685 FRII,  d i f f u s e
1130+106 T 3. 3 68 .8  0 .540 FRII?,  curved j e t ,  C-shaped
1136-135 T 14.6 4 . 5  0 . 554 FRII?,  o f f - a x i s  emiss ion
1156-221 D 1.0 complex
1158+007 T? 4 . 5 45 .8  1.370 opt .  pos .  f ax  away
1159-036 T 39 .4 11.5 1.102 FRII , bent
1200-051 T? 5 .9 23 .2  0.381 weak lo b es
1201-026 D 10.9 c l a s s i c a l  double
1202-262 T? 14.3 54 .0  0 .790
1203+109 T 3 . 5 44 .6  1.088 FRII? a lo b e  i s  complex
1205-008 D2 5 .8
1210+133 C 3 .3 57 .6 1.137 complex
1215+113 D2 16.6
1221+186 T 23 .4 11.2  1.401 FRII,  c o l l i n e a r
1225-02H D 1.9 complex
1229-021 T 18 .8 1 .0  1.038 FRII,  i n i t i a l  bending j e t
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Table 3: Morphology (continued)
Object Type LAS BA z Note
1232-249 T 107.0 1 .0  0 .355 FRII? p o i n t - l i k e  lo b es
1305+069 T 35 .0 0 . 0  0 .599 FRII?,  d i f f u s e
1313-333 T? 5 . 3 5 7 . 2  1.21 very weak lo b es
1328+307 D2 2 .6 s l i g h t l y  r e s o l v e d  t r i p l e
1351+021 D 7 . 3 a lob e  not  seen
1356+022 SJ 2 4 . 4 s i n g l e  j e t
1354-176 T 11 .0 0 . 0  0 . 566 FRII,  c o l l i n e a r
1405-287 SJ 5 . 4 s i n g l e  j e t
1407+02W SJ 2 . 9
1416+067 D2 1.1
1424-118 T 55 .42 10 .0  0 .805 FRII
1430-178 SJ 1 .2
1434-076 T 4 3 . 5 2 0 . 0  0 .689 FRII
1449-012 D? 7 . 8 too  d i f f u s e  lo b es
1451+09 T 2 5 . 7 4 . 5  0 .632 FRII
1453-109 T 37 .7 14 .6  0 .940 FRII
1454-06 T 4 . 6 6 8 . 2  1.249 FRII,  s t r o n g ly  bent
1530+137 T 11 .6 28 .0  0 .711 FRII,  bent
1547+187 T 14.3 6 . 1  1 .442 FRII,  b r i g h t  j e t
1555+001 D 1.0
1606+180 T 14 .2 5 . 0  0 .346 FRII? wigg le  j e t
1622+158 T 8 . 6 6 . 8  1 .409 FRII,  o f f - a x i s  curved j e t
1700+180 T 10 .4 3 . 0  1 .424 FRII,  S-shape
2008-068 D 52 .3
2002-185 D? 3 .6 a lobe very weak
2005-044 T 20 .0 10 .2  0 . 589 FRII? t o o  many hot  sp ots
*2019+098 T 26 .2 0 . 0  0 .467 FRII G(N ga laxy)
2024-217 T 31 .8 11 .6  0 . 463 FRII
2120+168 T 13.3 14 .0  1 .805 FRII
*2120+155 T 13 .6 0 . 0  0 . 322 FRII G ( E l l i p . )
2131+175 T 27 .8 15 .3  1 .215 FRII
2140-048 T? 6 .9
2207+020 T 16.1 16 .0  0 .000 FRII, very b r ig ht  hot spot
2209+080 T 10 .5 15.5  0 .484 FRII?, j e t
2223+210 D2 4 . 6
2251+113 T 10.2 2 . 0  0 .323 FRII?
2305+187 C very complex
2314+160 D 2. 9 one weak lobe
2314-116 D 23 .1 a lob e  not seen
2332-017 D2 4 . 3 a lobe not  seen
2340-036 D? 4 0 . 5 a lobe not seen
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5.3 Contour M aps




0033+079 (4C08.04): the flux density measured in C array is only about half of that 
measured in the A array. The discrepancy may result from the variability or from 
bad C array data.
0044+030: in C array, it is a slightly resolved double. In A array, only the core 
was found.
0054+144: blank map in both A and C array data. [HB89]: OOh 54m 31.9s, +14d 
29m 58.6s QSO z=0.171.
0056-001: in C array, a  triple consists of a strong core and two weak, extended 
lobes. In A array, only the core was found.
OlO0+O99:[HB89]:OlhOOm56.5s,O9d54m29.1s QSO z=0.465. In both A and C ar­
rays, a weak source (13.6 mJy) was found at 01h00m40.88s, 09d52m30.6s.
0103-021: in A array, it consists of a core and a SE lobe. There probably is a  NW 
lobe too weak to be seen. In C array, unresolved.
0105-008: in C array, a double (?) consists of a strong core and a weak lobe. In 
A array, only the core was found.
0113-201: [HB89]01hl3m04.5s , -20d07m22.2s QSO z=1.22. In C array, two weak 
components were found in the N and S of the [HB89] position. In A array, one 
component was found at the position of the S component in the C array map.
0134+329: in C array, 5.4 Jy point source; In A array, bad data.
0148-202: in A array, it is probably a triple with a very weak SE lobe. In C array, 
unresolved.
0155-109: in A array, it is a strongly bent little triple source. The emission at SE 
side may be real.
0159-117: in C array, this source was observed twice; it is a double although 
one of the map had some artifacts. In A array, it consists of two strong, attached 
components which correspond to the N component in the C array map; and one weak 
lobe which corresponds to the SE component in the C array map.
0202-319: in A array, slightly resolved double was found.
0222-008: in C array, there are a little double as well as a single source which is 
almost aligned with the radio axes of the double. In A array, the double source in 
C array map is resolved into a triple, and the single source seems not related to the 
triple.
0225-014: in A array, four components were found which probably belong to one 
source as indicated by the C array map.
0226-038: in A array, it is a not well resolved triple. Not sure whether the SW 
and two SE weak features are real or not. In C array, unresolved.
0229+341 (3C68.1): [HB89]:02h29m27.2s , +34dl0m34.1s QSO z=1.238. In C 
array, this source was observed twice; the source consists of a point-like N component 
and an extended S component. The [HB89] position is in between. In A array, a very 
complex source was found at the position of the N component in the C array map.
0317-023: the uvdata set was probably corrupted because MX aborted with the 
uvdata.
0404+177: it is a double source in both A and C array data.
0415-200: blank in both A and C array maps. [HB89]:04hl5m06.4s , -20d02ml0.3s 
QSO z=0.604.
0430+052: in A array, it consists of a core and a single lobe. The lobe is real.
0504+03: in A array, [HB89] position is coincident with the SE component; it 
may be a double which consists of a core and a single lobe.
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0557-16: in both A and C arrays, a fourth component is at about 30 arcsec from 
a triple. Probably they are not related.
0602-31: MR.C: 06h02m22.5s , -31d55m48.0s QSO z=0.452. This position is not 
coincident with the radio position, in C array, it consists of a core and an extended 
lobe. In A array, only the strong core was found.
3C181 (0725+147): in A array, it is a triple source; the core is very close to the
NW lobe.
0830+112: [HB89]:08h30m35.7s, Ildl5m30.0s QSO z=0.589. In C array data, 
found a 18.8 mJy object a t 08h30m52.47s, Ildl2m 0.1s. In A array data, blank map.
0836+195 (4C19.31): in C array, it is a triple and the S lobe is very weak. In A 
array, only the core and N lobe were found.
0839+187: in C array, two components were found with separation of 20 arcsec,
not sure whether they are related or not. Not observed in A array.
0843+13: in C array, not sure whether the NE double relates to the SW compo­
nents or not. Their separation is about 60 arcsec.
0907-023: in A array, the weak emission at the NW and SE sides may be real and 
related to the strong component. In C array, unresolved.
0911+053 (4C05.38): in C array, a 3 arcmin large triple source. In A array, only 
the core was found.
0915+213: in A array data, the SW lobe may be real. In C array, the slightly 
resolved shape is consistent with the A array map.
0932+02: in C array, the [HB89] position is coincident with the S peak of the NW 
component.
1004+13: in C array, a 2 arcmin large triple source was found with very extended 
lobe. In A array, only the core was found.
1009-321: in A array, the W lobe may be real. In C array, unresolved.
1020+191: in A array, it consists of a core and a NE jet. In C array, unresolved.
1022+194: in A array, it consists of a core and a NE jet. In C array, unresolved.
1038+064: in A array, it consists of a core and a weak S lobe. In C array, 
unresolved.
1055+018: in C array, a triple. In A array, only the core was found because of 
bad uvdata.
1058+10 (1058+110): in C array, a NE component is at about 60 arcsec from a 
triple source. In A array, only the triple was found.
1104+058: in C array, a double component was found at the N side about 30 
arcsec from a triple source. In A array, only the triple source was found. Not sure 
whether the double is real not not.
1158+007: [HB89]:llh58m50.1s, 00d44m54.0s QSO z=1.37. The radio position is 
Ilh58m49.49s 00d45ml0.4s. In A array, the E lobe is very weak. In C array, unre­
solved.
1200-051: in A array, it is a triple source with two very weak lobes, in C array, 
unresolved.
1201-026: 4C: RadioS. In A array, it is a classical double (without core). In C 
array, it is an attached double.
1202-262: in C array, it is an attached double. In A array, it is a triple (?). The
A array map had high rms noise, (count as strong bent source?)
1205-008: compare the A and C array maps, there probably is an E lobe which is
too extended to be seen in the A array map.
1210+133: optical position from IIUO is coincident with a lobe in the A array 
map. (count it as a strongly bent triple?)
1215+113: in both A and C arrays, it consists of a core and a complex E lobe.
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1217+023: in C array, a 2 arcmin large triple was found with very extended lobe. 
In A array, only the core was found.
1232-249: in C array, it is a 1.6 arcmin triple source with extended lobes, in 
A array, the triple was found but with point-like lobes. The flux density of central 
component is much weaker in A array map than in C array. The uvdata may have 
something wrong.
1313-333: in A array, it is a triple source with very weak lobes. In C array, 
unresolved, (count as strongly bent source?)
3C286 (1328+307): in A array, it is a resolved double, probably a triple. In C 
array, unresolved.
1331+025: [HB89]:13h31ml7.3s, +02d34m06.0s QSO z=1.228. The radio position 
is 13h31mll.35s, 02d34m36.1s in both A and C array. In C array, a  90.4 mJy triple 
(?) source and a 6.1 mJy source in the field, in A array, only a 7 mJy source was 
detected at the same position as the 90.4 mJy source in the C array map.
1335-061: in C array, the [HB89] position is coincident with the component in 
between. The E and W components may not relate to the component in between. 
Not observed in A array.
1337-000: in C array, a 1.5 arcmin large triple was found with very extended lobes. 
In A array, only the core was found.
1351+021: in A array, there was some diffuse emission at the NE side of the core. 
It may be a triple. In C array, a little double was found.
1352-204: [HB89]:QSO. In A array, blank map. In C array, a  21.6 mJy radio 
source was found.
1356+022: comparing A and C array maps, this source consists of a core and a 
single NW lobe. In C array, there was very weak emission at the SE of the core which 
may be the other lobe.
1405-287: comparing A and C array maps, this source consists of a core and a 
single S lobe.
1424-118: in C array, a triple component was found at 2.5 arcmin from the triple 
at the map center and it is probably an aliased component.
1449-012: comparing A and C array maps, this source should be a triple.
1451+09: in C array, a elongated component was found at the W edge of the map, 
and it is probably an aliased component.
1454-06: in A array, if this source is counted as a triple, its bending angle will be 
6 =  68.2°. Not sure whether the S component relates to the strong N double or not. 
In C array, unresolved.
1508+18: [87GB]:15h08m59.8s, +18dl8m33.0s RadioS. In C array, four sources 
were found in the field. The N source is close to the [87GB] position. Not observed 
in A array. The S source is a typical edge-darkened radio source.
1542+042: the [HB89] position is coincident with the radio position. The source 
was off the tracking center by 6 arcmin in both A and C arrays.
1606+180: in C array, a double component was found at the W edge of the map. 
Not sure whether it is an aliased component or not since it does not resemble the 
central source. In A array, the central source was found as a triple.
1700+17 (1700+180): in C array, three radio components were found in the field 
in addition to the central double source. Not sure whether these three components 
are related or not since they are quite aligned. On the other hand, they may simply 
be three individual sources since the separation between every pair is larger than 1 
arcmin, and also the morphology does not seem to be related. In A array, the central 
source was found as a resolved triple with a long jet.
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1702+29: in C array, a single source and a 8.5 mJy source at 0.31 arcmin from it 
were found. In A array, a very complex source was found coincident with the single 
source in the C array map.
1739+18: in C array, it is a  big triple and the map has very strong stripes. The 
flux measurement in very sensitive to box sizes.
2002-185: [HB89]:20h02m24.3s, -18d30m08.9s QSO z=0.859. The radio position 
is 20h02m24.4s, -18d30m39.0s. In C array, it consists of a core and extended lobe. In 
A array, a resolved triple was found, (count as a strongly bent source?)
2140-048: in C array, it consists of a strong core and two extended lobes. In A 
array, only the core and the NW lobe were found.
2305+187: in A array, the [HUO] optical position is coincident with the SE hot 
spot. It has quite complex morphology. In C array, unresolved.
2314+160: in C array, a second component was found at the SE about 1.5 arcmin 
from the central source. Not sure whether they are related or not. In A array, the 
central source was found which consisted of a core and NE lobe. Therefore, the SE 
component in C array map may be an individual source.
2314-116: in C array, it is a 50 arcsec triple which consists of a core and two 
extended lobes. In A array, only the core and the N lobe were found.
2318+02: Wills (1979): 23hl8ml4.4s, 02d40m34.4s. In C array, a classical double 
and three sources are in the field. The radio position corresponding to the center of 
the double is 23hl8ml3.32s, 02d40m41.8s. Therefore the double may be the quasar. 
In A array, only a 60.3 mJy source was found at the position of the S component of 
the double in C array map.
2340-036:[HB89]:23h40m22.5s, -03d40m20.0s QSO z=0.896. In C array, a 75 arc- 
sec triple with a extended lobe. In A array, the W lobe can not be seen. The radio 
position of the core is 23h40m22.50s, -03d39m5.4s, not coincident with the [HB89] 
position.
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C h ap ter 6 
G alax ies C lu sterin g  A round  
R ad io-lou d  Q uasars at In term ed ia te  
R ed sh ift
Because the C array maps cover a large field of view (~  11x11 square arcmin), 
serendipitous radio sources are frequently encountered. We count sources as “serendip­
itous” sources if they satisfy the following criteria: a) having sidelobes when outside 
of the “clean” windows, b) not apparently quasar components, and c) at least 20 
arcsec from the quasar central component. In a total of 267 quasar fields (excluding 
from 281 fields those sources which are not quasars and were included because of 
misidentifications), we found 132 such serendipitous sources. Figure 6.1 shows the 
distribution of these sources in the fields.
Since the primary beam attenuation, and therefore flux measurement error, be­
comes very severe when radial distance is greater than 6 arcmin, we will ignore all 
sources beyond 6 arcmin from the central quasar in the following analysis.
6.1 P ossib ility  o f D etectin g  R adio G alaxies at Interm e­
d iate R edshifts
Observed at 6 cm (4.9 GHz), the flux densities of serendipitous sources range from 2 
to 100 mJy with majority between 5 and 50 mJy. We want to know whether these 
serendipitous sources are radio galaxies at the quasar redshifts. We begin by asking 
the following question: what is the intrinsic luminosity at 1.4 GHz of a 5 mJy source 
at redshift a = 0.5 and a =  1.0?
Assume qo =  0.1, the intrinsic luminosity A„0 emitted by a radio source at fre­
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Figure 6.1: The distribution of serendipitous sources in a total of 267 quasar fields. 
(X, Y) is the position of the source with respect to the central quasar.
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1986, p. 63, equation 3.13a):
f Vo = 9.32 x 10-62^ 0^ o2(l +  z ) l ~a/{ lQz -  90[(1 +  0.2^)°'5 -  l]}2
where f Uo is in units of erg s -1 cm-2H z ~l , L Ua is in units of erg s -1 H z ~ l , H0 is the 
Hubble constant in units of km  s -1 Mpc-1 , and a  is the spectral index.
Assuming H0 =  50 km  s~l Mpc~l and a  =  0 .8 , the intrinsic luminosity of a 5 mJy 
source at 4 .9  GHz is 7.3 X 1031 erg s~l H z ~1 at z  =  0 .5 , and 3.7 x 1032 erg s~xH z ~ x 
at z =  1.0. In order to compare with the radio galaxy luminosity at frequency 1.4 
GHz in nearby clusters of galaxies, we need to calculate the intrinsic luminosity of 
the source at 1.4 GHz. The radio luminosity is found to be 2 x 1032 erg s~l H z ~ l — 
2 x 1025 W  H z - 1 at z =  0 .5 , and 1033 erg s ^ H z ' 1 = 1026 W  H z ' 1 at 2 =  1.0. 
From the radio luminosity distribution for nearby clusters (Fanti 1984, Fig. 3, Cluster 
RLF), there are about 0.1 radio galaxies with luminosity greater than 1025W  H z -1 
per cluster in average.
If we assume no cluster evolution and assume all of the 267 quasars are associated 
with rich clusters of galaxies, we would expect an excess of about 26 radio galaxies 
close to the quasars. This calculation shows that the serendipitous sources observed 
in the quasar fields could be radio galaxies at the same redshifts of the radio-loud 
quasars.
6.2 P ossib ility  o f  detectin g  clusters o f galaxies
Serendipitous sources which are not physically associated with the quasars should 
be uniformly distributed on the sky. If there is an excess number of sources close 
to the quasars, we may be detecting radio galaxies which are members of clusters 
surrounding the quasars. Could we detect such an excess? In other words, in what 
radius do we expect such an excess could occur?
Since the galaxy densities tend to be higher within the core region of rich clusters, 
excesses would be expected more likely to arise from the core. We want to estimate 
the angular size of a typical rich cluster core region at redshift 2 = 0.5 and 2 = 1.5.
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The apparent angular size 0 (arcsec) of length R  (kpc) at redshift z for go =  0.1 
can be computed by (Weedman 1986, p.65, 3.17a):
0 = 6.88 x 10-4HoR(1 +  z f / { W z  -  90[(1 +  0.2z)°‘5 -  1]}
where Ho is the Hubble constant in units of km s ' 1 Mpc~l . Assuming an typical rich 
cluster core radius = 250A;pc (Bahcall 1975) and Ho =  50 km  s_1M pc_1, the angular 
size would be about 32 arcsec at redshift z = 0.5, and about 23 arcsec at z =  1.5.
Depending on the choice of Ho and where the quasar could be within the associated 
clusters, the excess would be expected to occur within 0.5 to 2 arcmin of the quasars. 
Beyond this radius, we expect a uniform distribution of serendipitous sources which 
arises from the contribution of field radio sources. Therefore it is possible to detect 
clusters of galaxies associated with the radio sources at intermediate redshifts.
6.3 D eterm ining the C om pleteness Lim it
Since the sensitivity in the inner region (< 2 arcmin) of the primary beam is better 
than that in the outer region (> 2 arcmin), weak sources tend to be picked up in 
the inner region more than in the outer region. If we ignore this effect, the number 
density of serendipitous sources would definitely tend to be higher in the inner region 
than in the outer region and show a gradual drop off with increasing radial distance.
If we want to compare the number density of inner and outer regions in order 
to examine if there is a true excess in the inner region, we must take care of this 
sensitivity effect so that both inner and outer region have same completeness limit. 
Since r.m.s. noise varies from field to field, so does the completeness limit. Therefore 
the completeness limit needs to be determined separately according to the r.m.s. noise 
for each field. We can try to determine the completeness limit in a systematic way, 
i.e., by only counting sources stronger than a multiple of r.m.s. noise in each field.
6.4 Radial D istribution  of Serendipitous Sources
Radius R,  in units of arcmin, is defined as the separation between the serendipitous 
source and the quasar. Let a be the PBCORed r.m.s. noise in each field at radius
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R  = 5.5 arcmin which corresponds to the edge of a 512x512 map with cell size 1.3 
arcsec. Let “annulus R  =  i” denote the annulus i — 1 < R(arcmin)  < i , where 
i(> 1) is an integer. Discarding sources weaker than na in each field, where n is 
the multiplying factor, the number density of serendipitous sources N  at radius R  is 
calculated by dividing the total number of sources in all quasar fields in annulus R  
by the area of the annulus and total number of quasar fields.
For the region 0 < R < 1 arcmin, the actual area should be (x — |x )  since we 
only count sources beyond 20 arcsec of the quasars. In order to calculate the number 
density of serendipitous sources in the annulus R  = 6, we need to do area correction. 
We have three types of maps 1) 245 maps of 512x512 pixels with cell size 1.3 arcsec, 
2) 11 maps of 512x512 pixels with cell size 1.5 arcsec, 3) and 11 maps of 1024x1024 
pixels with cell size 1.3 arcsec. The maximum radius is 256 x 1.3/60 = 5.55 arcmin 
for type 1 maps and is 256 x 1.5/60 = 6.40 arcmin for type 2 maps. Therefore type 
1 maps do not have full area for annulus R  =  6 while type 2 and type 3 have. The 
full area in this annulus is x(62 -  52) =  34.56 arcmin2, while type 1 maps have 
an area of 28.99 arcmin2. In this annulus the total area for all 267 quasar fields is 
22 x 34.56 + 245 x 28.99 = 7863 arcmin2.
The N( R)  relations are plotted in Figure 6.2, Figure 6.3, and Figure 6.4 for 
all sources (0a case), only counting the sources stronger than 4a, and only counting 
sources stronger than 6a, respectively. The errorbars were calculated by ± ^ ^ ^ N(R) ,  
where M( R)  is the total number of serendipitous sources in annulus R.
6.5 S ta tistica l Significance o f th e Excess
Comparing Figure 6.2 with Figure 6.3 and Figure 6.4, we found that 0a N( R)  plot 
has a smooth drop off with increasing radius while 4a and 6a N( R)  plots show a 
quite flat number density in the outer few annuli starting from annulus R = 3. Since 
the background density of serendipitous sources is expected to be uniform, the flat 
number densities in the outer region in the 4a and 6a N( R)  plots suggest that we 
have reached the background source density at large radii.
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Figure 6.2: Number density of serendipitous sources Ar as a function of radius R.
This is Ocr N( R)  plot.The number of sources is 11, 21, 20, 23, 22, and 17 for annulus
11 = 1, 2, 3, 4, 5, and 6, respectively.
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Figure 6.3: Number density of serendipitous sources N  as a function of radius R.
This is 4<r N( R )  plot. The number of sources is 11, 18, 15, 19, 22, and 17 for annulus
R =1, 2, 3, 4, 5, and 6, respectively.
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Figure 6.4: Number density of serendipitous sources N  as a function of radius R.
This is 6cr N ( R )  plot. The number of sources is 5, 17, 12, 16, 19, and 17 for annulus
R  =1, 2, 3, 4, 5, and 6, respectively.
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The 4cr N ( R ) plot shows an apparent excess of serendipitous sources within 2 
arcmin of the quasars. To assess the statistical significance of this excess, we estimate 
the field source number density by averaging the number densities of outer four annuli 
(i.e., annulus R  =3, 4, 5 and 6). The total number of 4(7 or stronger serendipitous 
sources in the outer four annuli is 73 and the average number density is 0.0030 per 
square arcmin. We expect a total of (1 ±  x 0.00 30 x 267 x (47r — | tc) = 9.8 ±  1.1 
sources within 2 arcmin of the quasars, whereas 29 ±  \/29 = 29 ±  5.4 are observed in 
the 267 quasar fields. Assume Poisson statistics are applicable, i.e., the probability p 
of finding k sources whereas A sources are expected can be computed by
Xke~x 
P = —
where A = 9.8 and k = 29. The probability that this excess is due to random 
variations in galaxy densities is 0.0001%.
If we do not include sources in annulus R  =  1 (so that we exclude sources which 
might be quasar components, although such cases should be very rare), we expect 
7.5 ±  0.9 sources in annulus R  — 2, and we actually detect 18 ±  4.2. The probability 
of chance occurrence is 0.08%.
For the N( R)  plot with 6cr, we expect 8.4 ± 1 .1  sources within 2 arcmin of the 
quasars, and we detect 22 ±  4.7. The probability 0.007%. We also expect 6.5 ±  0.8 
sources in 1 < R < 2, and we detect 17 ±  4.1, the probability is 0.04%.
From the AT(R)  plot with 4cr, there is an excess of 29 — 9.8 = 19.2 sources within 2 
arcmin of the quasars for a total of 267 quasar fields. This is consistent with previous 
discussion about the probability of finding radio galaxies in clusters associated the 
quasars.
The small probability of chance occurrence for the observed excess implies that 
the excess is statistically significant. The excess galaxies could be members of clusters 
associated with the quasars.
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6.6 C onclusion
We examined the radial distribution of 132 serendipitous sources in a total of 267 
quasar fields observed in the VLA C array at 6 cm. We found a statistically significant 
excess of serendipitous radio sources within 2 arcmin of the quasars with intermediate 
redshift. These serendipitous sources generally have flux density ranging from 5 mJy 
to 50 mJy. These serendipitous radio sources could be radio galaxies at the quasar 
redshifts. The excess might arise from clusters of galaxies associated with the quasars.
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C hapter 7 
S tu d ies o f  D isto r ted  R adio-L oud  
Q uasars
Since two passes of self-calibration and deep clean were applied, the A array 6 cm 
maps generally have r.m.s noise ~  0.1 mJy/Beam and dynamic range over 1000:1, 
much better than the maps made by Hintzen, Ulvestad and Owen (1983, hereafter 
HUO). Therefore we can do more clear diagnostics of the source morphology and 
verify the results of HUO. Refer to Appendix E for contour maps (sorted in RA) of 
the sources which will be mentioned in this chapter.
7.1 B ending A ngle D istribution
A histogram of the bending angles for 70 triple sources in Table 3 (Morphology Table) 
is represented in Figure 7.1. A few objects identified as triple sources are not included 
because their components are very weak (lobe peak ~  1% core peak). For sources 
with very diffuse lobes appearing in a straight line, we assume 6 = 0.
Figure 7.1 shows tha t about half the sources have bending angles 6 > 10°. Large 
bending angles are comparatively rare. 14/70 (20%) of the sources have 6 > 20°, and 
5/70 (7%) have 6 > 40°. The great majority are “boomerang shaped” , such as 0300- 
00 (2=0.693, 6 = 13.2°) and 0154+31A (2=0.373, 6 =  40.8°). Sometimes, straight 
bridges (jets) connect one outer component with the center such as 3C207 (0838+133, 
2=0.684, 6 = 19.8°) and 0038-019 (2=1.690, 9 = 12.6°). Less numerous is a second 
type of distorted object in which a curved bridge connects an off-axis component with 
the central source. The best examples are 1130+106 (2=0.426, 6 = 68.8°), 1012+022 
(2=1.374, 6 = 40.8°), and 4C0S.04 (0033+079, 2=1.579, 6 = 27.3°).













20 30 40 50 60
B e n d in g  A n g l e ( d e g r e e )
Figure 7.1: A histogram of triple source bending angle (<?)
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curved bridges are most probably distorted by their encounter with a dense ICM. The 
numerous boomerang sources might be produced by the ISM/IGM transition bending 
mechanism (Jones and Owen 1979). Because of our relatively low resolution, it is 
difficult to detect some features showing initial bending within the ISM, as discussed 
in the Introduction. The best example is 0215-16 (z=0.516, 9 =  47.0°).
There are a few “dogleg” sources in a strict sense defined by Stocke, Burns and 
Christiansen (1985, hereafter SBC). “Dogleg” sources are characterized by a straight 
bridge between the core and a  lobe as well as another off-axis lobe. The best examples 
with “dogleg” structure are 3C207 (0838+133, z=0.684, 6 =  19.8°), and LB9013 
(0856+170, z=1.449, 9 = 30.0°). Some sources such as 4C09.01 (0033+098, z=1.918, 
9 =  26.6°) and 1104+058 (z=0.881, 9 = 9.2°) and 0115+027 (z=0.672, 9 = 0.0°) 
have similar appearance. All of them have a straight bridge connecting an abruptly 
bent outer lobe with the central component. This morphology is quite likely caused 
by collisions with other galaxies. Two interesting examples of S-shaped sources are 
1622+158 (z=1.409, 9 = 6.8°) and 1700+180 (z=1.424, and 9 =  3.0°).
It appears that curved sources, and also “dogleg” sources, are relatively rare com­
pared with boomerang sources. “Boomerang” radio morphology could result from 
multiple mechanisms, such as ISM/IGM bending, inelastic collision, noncollinear ejec­
tion, etc.. Assuming that the ICM distortion mechanism is working for “boomerang” 
radio-loud quasars, as for head-tail or wide-angle-tail radio galaxies, the basic mor­
phological difference between the quasars and the radio galaxies may arise from the 
difference in radio luminosity and the difference in redshift. In general, the quasars 
have higher radio luminosities and larger redshifts than the radio galaxies.
7.2 D egree o f D istortion  as a Function o f R edshift
At least two different mechanisms might conceivably be expected to result in a cor­
relation between 9 and z. If the general intergalactic medium pervading the universe 
were sufficiently dense, it might cause distortions in a significant portion of extra- 
galactic radio sources. One would expect the median 9 for radio sources to increase
R e ds h i f t
Figure 7.2: Triple source bending angle (9) as a function of redshift (2 ).
with 2  as the density of the universe increases with lookback time (p ( l  +  *~)3)- 
A dependence of 9 on 2  might also arise as a result of the evolution of intracluster 
medium in clusters of galaxies. Various models (Perrenod 1978) of ICMs predict 
substantial changes in ICM densities since 2  =  1.5. In most cases, Perrenod’s models 
yield a substantial increase in ICM density as 2  decreases from 1.2 to 0.5. One might 
therefore expect an anticorrelation between 9 and 2  for radio sources which are cluster 
members, since the dense ICM at lower redshifts would be much more likely to distort 
radio sources than would the low density ICM at higher redshifts.
Triple source bending angles (9) are plotted as function of redshift (2 ) in Figure 
7.2 for the same set of triple sources as plotted in Figure 7.1. Since 9 is available 
for only 6 sources with 2 > 1.5, we will confine the discussion to objects only with 
2 < 1.5. In comparing the data with ICM models, we consider the proportion of highly 
distorted sources in the sample. Dividing the objects in Table 2 with 0.5 < 2 < 1.5
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into high-^r and low- 2  groups with equal numbers, in the low- 2  group, 7 of 26 sources 
have 6 > 20°; in the high- 2  group, 4 of 25 sources have. Dividing the sources into 
three groups, the ratio of highly distorted sources (6 > 20°) is 3/22, 4/21 and 4/21 
for low-, middle-, and high- 2  groups, respectively.
We find no statistically significant evidence that the number of highly distorted 
sources changes with increasing redshift. A larger sample is required to find statis­
tically significant results about Q(z) relation. Since present data  on the intergalactic 
medium indicate that its density is several orders of magnitude too low to effect sig­
nificant radio source distortions, it is not surprising that there is no evidence of an 
increase of 6 with 2 .
If the distortion were caused by ICM, an anticorrelation between bending angle 
and redshift would be expected. If further study from a large sample proves that 
such a correlation indeed does not exist, it would suggest that the ICM distortion 
mechanism may not be a dominant distortion mechanism for quasars at intermediate 
redshifts. The ICM at intermediate redshifts may not be dense enough to produce 
large distortions (6 > 20°). These large distortions might arise from the SBC col­
lision mechanism. Since at earlier epochs, the gas in galactic halos had not been 
stripped, blown, and evaporated from the member galaxies, it is quite likely that an 
inelastic collision between a radio source and a nearby gaseous galactic halo could 
occur and cause the large, abrupt distortions seen in some radio-loud quasars. Since 
inelastic collisions may be more likely to occur within rich clusters of galaxies than 
outside, quasars distorted by inelastic collisions could be associated with rich clusters 
of galaxies, as are those distorted by ICM.
7.3 D egree o f D istortion  as a Function o f Physical Sizes
If an appreciable fraction of the observed distortions is caused by interactions between 
the radio sources and surrounding media, such as ICM, the distorted sources should 
tend to have relatively small overall physical sizes, since the distorting medium would 
also slow the outward flight of the radio components. In addition, small distortions
Figure 7.3: Triple source bending angle (9) as a function of relative physical size (R )
may be magnified by projection effects if the radio source axis lies close to our line of 
sight, in which case the apparent overall size of the radio source would also be reduced 
(Kapahi and Saikia 1982). In light of these considerations, it is expected that the 
radio source bending angles and physical sizes would show an inverse correlation.
In order to test this expectation, the bending angle 9 as a function of relative 
physical size (R ) for the triple sources in Table 3 is plotted in Figure 7.3. The physical 
size parameter R  is the product of the LAS (largest angular size) and ( z + |z 2) / ( l  +  z)2, 
the dimensionless ratio of physical to angular size for q0 =  0. The anticorrelation is 
apparent. All sources with 9 > 20° are smaller than R  = 14.1 arcsec. Further, 
all sources with R  > 14.1 arcsec have 9 < 12.2°. These results are also consistent 
with that of HUO. Since both the ICM distortion mechanism and projection effects 
might account for the anticorrelation between bending angle and relative physical size, 
this does not reduce the possibility for inelastic collisions to be a dominant distortion
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mechanism. Because of collisional heating, a radio lobe would lose bulk kinetic energy 
and expand. This expansion would cause the deflected lobe to decelerate more rapidly 
and penetrate less when traveling through the surrounding medium than the other 
radio lobe. Consequently, the overall source size would be smaller than without a 
collision.
This anticorrelation does, however, reduce the possibility that a noncollinear ejec­
tion mechanism is important. The noncollinear ejection hypothesis assumes that the 
bending depends only on the source itself. Thus it would be expected that occasionally 
a large source with large bending angle could appear in spite of the projection effects. 
Since none of the large bending sources also has large physical size, the noncollinear 
ejection mechanism may not be a dominant distortion mechanism for quasars.
7.4 C onclusion about th e  D istortion  M echanism s
A significant portion of radio-loud quasars are distorted triple sources. Among the 
192 radio-loud quasars with z < 2.5, at least 70 are triple radio sources. A large 
portion of these 70 has slightly bent radio axes, but 14 have radio axes which are 
bent more than 20° and 4 are bent more than 40°. The majority of distorted quasars 
are “boomerang” shaped. Curved or “dogleg” quasars are relatively rare. The source 
morphology types as well as the plots among bending angles, redshifts, and relative 
physical sizes confirm the results from HTJO.
Our relatively low resolution is not sufficient to test the ISM/IGM transition 
bending hypothesis. The anticorrelation between bending angle and relative physical 
size suggests that the noncollinear mechanism is not important in most cases. Since 
quasars often have much higher radio luminosities than radio galaxies, and the detailed 
structure of ICM within clusters can be very complex, the ICMs may produce the 
large distortions observed in the quasars and result in quasar radio morphology quite 
different from radio galaxies.
The inelastic collision mechanism proposed by SBC may be also responsible for the 
large distortions of quasars. This mechanism seems to account for the “boomerang”
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sources although other mechanisms may be also responsible for it. It is consistent 
with the dynamical cluster evolution models of Perrenod (1978). According to these 
models, ICM became dense only in the recent past (z < 0.5). For quasars at 0.5 < 
z < 2, less dense ICM may not be able to produce the large distortion of quasars.
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A p p en d ix  A
Source L ist (in  R A  order)
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Table 4: Source List
No.(C) Name No.(A)
c235. 0003+15(0003+158) a l5 8 .
c236 . 000 3 -0 0 3 (3 0 2 .0 ) a l5 9 .
c249. 0006+014 a l6 9 .
c239. 0033+098(4009.01) a l6 2 .
c237. 0033+081(4008.04) a l6 0 .
c243. 0038-019 a l6 5 .
c 2 5 0 . 0038-020
c248. 0041+001 a l6 8 .
c242 . 0044+030 a l6 4 .
c244. 0045-00
c 2 5 1 . 0054+144 a l 7 0 .
c234. 0056-001 a l5 7 .
c2S2. 0100+099 a l 7 1 .
c245 . 0103-021 a l6 6 .
c246. 0105-008 a l6 7 .
c2 4 7 . 0106+01
c240 . 0112-017
c224. 0113-201 a l 7 6 .
c238 . 0115+027 a l 6 1 .
c241 . 0118+034 a l6 3 .
c253. 0122-00
c225 . 0123-226 a l 7 7 .
c 2 2 3 . 0130-171 a l 7 5 .
c233 . 0134+329(3048) a l 8 2 .
c254. 0137+012 a l 7 2 .
c226. 0148-202 a l 7 8 . 
a l8 4 .
c2 2 9 . 0155-109 a l 8 1 .
c25S. 0157+011 a l 7 3 .
c4. 0158+18
c 2 3 2 . 0158+18 a l 8 6 .
c l . 0159-117
c 2 5 6 . 0159-117(3057) a l 7 4 .
c 2 2 7 . 0159-200 a l 7 9 .
c2. 0202+319
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Table 4: Source List (continued)
No.(C) Name No.(A)
c230. 0202+319 a l 8 3 .
c 6 . 0215+015 a l8 8 .
c228. 0215-16(0215-167) a l8 0 .
c 7 . 0222+000 a l 8 9 .
c lO . 0222-008 a l 9 1 .
c 8 . 0223+012 a l9 0 .
e l l . 0225-014 a l 9 2 .
c l 2 . 0226-038 a l .
c 3 . 0229+341(3068.1)
c 2 3 1 . 0229+341(3068.1) a l 8 5 .
c l 3 . 0232-025 a2.
c 9 . 0237-027
c 5 . 0256+075 a l 8 7 .
c l 4 . 0300-00 a 3 .
c lS . 0312-03 a4.
c l 8 . 0317-02(0317-023) a 5 .
c l 6 . 0336-01
c l 7 . 0340+04
c 2 0 . 0350-073(3094) a7.
c 2 7 . 0352+12
c 2 3 . 0403-132 alO.
c 3 0 . 0404+177 a l4 .
c2 1 . 0405-123 a 8 .
c l 9 . 0414-189 a 6 .
c 2 2 . 0415-200
c 2 8 . 0420-01
c 2 9 . 0421+019
c 2 6 . 0430+052 a l 3 .
c 3 1 . 0440-00
c3 2 . 0445+09
c2 4 . 0446-208 a l l .
c 2 5 . 0450-220 a l 2 .
c 3 3 . 0454+039 a l 5 .
c 3 4 . 0457+024
c 3 5 . 0458-02(0458-020)
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Table 4: Source List (continued)
No.(C) Name No.(A)
c 3 6 . 0504+03 a l6 .
c2 5 7 . 0518+165(30138)
c 3 8 . 0534-201 a l 8 .
c 4 0 . 0537-158 a20.
c 3 9 . 0557-16 a l9 .
c 4 1 . 0602-31 a21.
c 3 7 . 0606-223 a l 7 .
c 2 5 9 . 0657+176 a23.
c 2 6 0 . 0710+118(30175.0) a24.
c 2 6 1 . 0725+147(30181) a25.
c2 6 2 . 0741+169 a26.
c 2 5 8 . 0742+103 a22.
c 2 6 3 . 0802+10
c 2 6 4 . 0805+05
c 2 6 7 . 0814+227(30197) a 3 5 .
c 2 7 6 . 0823+033 a28.
c 2 6 8 . 0827+193(4019.30) a 3 6 .
c 2 7 7 . 0828-03w a29.
c 2 6 5 . 0830+112 a 2 7 .
c 2 6 9 . 0836+195(4019.31) a 3 7 .
c2 7 1 . 0838+133(30207) a 3 8 .
c2 6 6 . 0839+187 a34.
c2 7 0 . 0843+13(0843+136)
c2 7 8 . 0845-051 a30.
c 2 7 2 . 0846+09(0846+100)
c 2 7 4 . 0850+140(30208) a40.
c2 7 3 . 0856+170(LB9013) a 3 9 .
c 4 9 . 0902-256 a 4 3 .
c 2 7 5 . 0903+16(0903+169)
c 4 2 . 0906+015
c2 7 9 . 0907-023 a 3 1 .
c2 8 0 . 0911+053(4005.38) a 3 2 .
c281. 0913-025 a33.
c 5 0 . 0915-213 a44.
c 4 8 . 0919-260 a 4 2 .
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Table 4: Source List (continued)
No.(C) Name No.(A)
c 4 3 . 0922+005
c44. 0922+14 a41.
c 4 5 . 0926+11
c 4 6 . 0932+02
c58. 0952+35 a52.
c54. 0952+097 a48.
c S 3 . 0953+254 a47.
c47. 0957+00
c57. 1004+13 a 5 1 .
c 5 1 . 1004-217 a45.
c 6 1 . 1004-018
c52. 1009-321 a46.
c 6 0 . 1012+022 a54.
c 5 6 . 1020+191 a50.
c 6 3 . 1021-00
c 5 5 . 1022+194 a49.
c 6 2 . 1023+06
c 6 4 . 1038+064 a55.
c 6 9 . 1040+123 a58.
c 7 0 . 1046+053 a59.
c 6 6 . 1047+09
c6 S . 1049-09 a56.
c 7 9 . 1050-184 a67.
c 5 9 . 1055+018 a53.
c 6 8 . 1057+05W a57.
c 6 7 . 1058+10 a60.
c72. 1103-006 a62.
c 7 1 . 1104+058 a 6 1 .
c74. 1104+16
c78. 1110-217 a66 .
c 7 3 . 1111+149 a 6 3 .
c 7 5 . 1116+12
c 7 6 . 1118+128 a64.
c 7 7 . 1130+106 a 6 5 .
c 8 3 . 1136-135 a71.
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Table 4: Source List (continued)
No.(C) Name No.(A)
c82. 1148-171 a 7 0 .
c 8 1 . 1156-221 a69.
c 8 6 . 1146-037
c87. 1148-00
c85. 1158+007 a73.
c 8 8 . 1159-036 a74.
c 9 0 . 1200-051 a76.
c 8 9 . 1201-026 a75.
c 8 0 . 1202-262 a 6 8 .
c 9 1 . 1203+011 a77.
c 9 2 . 1203+109 a78.
c95. 1205-008 a 8 1 .
c 9 3 . 1210+133 a79.
c l O l . 1215+113 a85.
c 9 4 . 1216-010 a80.
c 9 6 . 1217+023 a82. 1217+02
c l 0 2 . 1221+186(4018.34) a86.
c 8 4 . 1222+037 a72.
c l 0 4 . 1222+216
c 9 8 . 1225-02w a 8 4 .
c 9 9 . 1226+023
c 9 7 . 1229-021 a 8 3 .
c l 2 4 . 1232-249 a l 0 3 .
c l 2 5 . 1240-294
c l 0 3 . 1241+16
c l 2 6 . 1244-255
clOO. 1302-035
c l 3 0 . 1302-102
c l lO . 1305+069(30281) a 9 1 .
c l 0 7 . 1307+12w(1307+121) a90.
c l 0 8 . 1308+18
c l 2 8 . 1313-333 al02.
c l3 1 . 1317-005
c l 0 9 . 1318+11
c l 3 3 . 1327-214
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Table 4: Source List (continued)
No.(C) Name No.(A)
c l3 4 . 1327-206
c l0 5 . 1328+307(30286) a88. 1328+307
c l l l . 1328-034 a92.
c l2 7 . 1328-263
c l ! 2 . 1331+025 a93.
c l l 3 . 1335+023 a94.
c l 3 2 . 1335-061
c l l 4 . 1337-000 a 9 5 .
c l l 5 . 1337-013 a96.
c l2 0 . 1349+02W a 9 9 .
c l 2 9 . 1349-145 a l0 7 .
c l l 6 . 1351+021 a 9 7 .
c l3 5 . 1352-104
c l 3 6 . 1352-204(1352-203) a l0 4 .
c l l 7 . 1354+19
c l3 7 . 1354-176 a l0 5 .
c l  19. 1356+022 a98.
c l2 3 . 1400+162
c l l 8 . 1402-012
c l 3 8 . 1403-085 a l0 6 .
c l 4 0 . 1405-287 a l 0 9 .
c l 2 1 . 1407+02w(1407+121) alOO.
c l 2 2 . 1416+067(30298.0) a l O l .
c l 3 9 . 1424-118 a l0 8 .
c l 4 1 . 1430-178 a llO .
c l 4 9 . 1433+17
c l 4 2 . 1434-076 a l l l .
c l 4 6 . 1442+101 a l l 5 .
c l 4 7 . 1449-012 a l l 6 .
c l 4 8 . 1451+09 a l l 7 .
c l 4 5 . 1452-217 a l l 4 .
c l 4 3 . 1453-109 a l l 2 .
c l4 4 . 1454-06 a l l 3 .
c l 5 0 . 1502+036
c l 5 1 . 1508+18
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Table 4: Source List (continued)
No.(C) Name No.(A)
c l  52. 1509+15
c l5 3 . 1530+137 a i l 8 .
c l 5 5 . 1542+042 a l 2 0 .
C156. 1538+14(1538+149)
c l5 9 . 1546+027
c l 6 3 . 1547+187(4018.45) a l2 2 .
c l 5 8 . 1548+11
C154. 1555+001 a l l 9 .
c l 6 0 . 1602-002
c l 6 4 . 1606+180 a l2 3 .
c l 6 2 . 1607+268 a l 2 1 .
c l 5 7 . 1608+113
c l 6 1 . 1615+029
c l 6 5 . 1618+17
c l 6 7 . 1622+158 a l2 4 .
c l 6 6 . 1628+363
c l 6 8 . 1629+12
c l 7 2 . 1657+265
c l 7 1 . 1700+17(1700+180) a l2 7 .  1700+180
c l7 4 . 1702+29(1702+298) a l2 8 .
c l 7 0 . 1705+188 a l 2 6 .
c l 6 9 . 1714+219 a l 2 5 .
c l 7 5 . 1732+16(1732+160)
c l 7 6 . 1739+18
c l 7 3 . 1742+279(1741+279)
c l 7 8 . 2002-185 a l 3 0 .
c l 8 0 . 2005-044(30407) a l 3 2 .
c l 7 7 . 2008-068 a l 2 9 .
c l 8 1 . 2019+098(30411) a l 3 3 .
c l 7 9 . 2024-217 a l 3 1 .
c l 8 3 . 2059+034
c l 8 6 . 2120+168(30432) a l 3 5 .
c l 8 7 . 2120+155(3C434NHB) a l 3 6 .
c l 8 2 . 2121+053 a l 3 4 .
c l 8 9 . 2128+08 a l 3 8 .
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Table 4: Source List (continued)
No.(C) Name No.(A)
c l 8 4 . 2131-021
c l8 5 . 2134+004
c l 8 8 . 2131+175(4017.87) a l3 7 .
c l 9 5 . 2140-048 a l 4 1 .
C190. 2145+06(2145+067)
c l 9 3 . 2149+069 a l3 9 .
c l 9 1 . 2150+05
C192. 2158+10
c l 9 6 . 2207+020 a l4 2 .
c l9 4 . 2209+080 a l4 0 .
c l 9 7 . 2216-03
c l 9 9 . 2222+05
c207. 2223+210 a l4 4 .
c2 0 0 . 2230+11(2230+114)
c l 9 8 . 2239+096
c201. 2247+14
c2 0 2 . 2248+19
c 2 0 3 . 2249+18
c2 0 4 . 2251+15(2251+158)
c2 0 5 . 2251+13(2251+134)
c 2 0 6 . 2328+107 a l 4 3 .
c 2 0 8 . 2251+113 a l4 5 .
c 2 0 9 . 2254+024 a l 4 6 .
c 2 1 0 . 2256+017 a l 4 7 .
c 2 1 3 . 2305+187 a l4 9 .
c 2 1 2 . 2308+09
c 2 1 1 . 2314+160 a l 4 8 .
c 2 2 0 . 2314-116 a l 5 1 .
c2 1 4 . 2318+02 a l50 .
c 2 1 5 . 2320+079 a l5 2 .
c2 1 8 . 2320-035
c 2 1 6 . 2332-017 a l5 3 .
c 2 1 9 . 2335-027
c 2 2 2 . 2340-036 a l 5 5 .
c 2 2 1 . 2351-006 a l 5 4 .
c 2 1 7 . 2356+196 a l 5 6 .
A p p en d ix  B
Source List (in  ta p e  order)
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Table 5: Source List
No.(C) Name No.(A)
c l . 0159-117
c 2 . 0202+319
c 3 . 3068.1(0229+341)
c4. 0158+18
c 5 . 0256+075 a l8 7 .
c 6 . 0215+015 a l8 8 .
c7. 0222+000 a l8 9 .
c 8 . 0223+012 a l9 0 .
c 9 . 0237-027
clO. 0222-008 a l 9 1 .
c l  1. 0225-014 a l9 2 .
c l 2 . 0226-038 a l .
c l 3 . 0232-025 a2.
c l 4 . 0300-00 a 3 .
c l 5 . 0312-03 a4.
c l 6 . 0336-01
c l 7 . 0340+04
c l 8 . 0317-02(0317-023) a5.
c l 9 . 0414-189 a 6 .
c 2 0 . 3094(0350-073) a7.
c 2 1 . 0405-123 a8.
c 2 2 . 0415-200
c 2 3 . 0403-132 alO.
c 2 4 . 0446-208 a l l .
c 2 5 . 0450-220 a l 2 .
c 2 6 . 0430+052 a l 3 .
c 2 7 . 0352+12
c28. 0420-01
c 2 9 . 0421+019
c30. 0404+177 a l4 .
c 3 1 . 0440-00
c 3 2 . 0445+09
c 3 3 . 0454+039 a l5 .
c 3 4 . 0457+024
c3 5 . 0458-02(0458-020)
c 3 6 . 0504+03 a l 6 .
c3 7 . 0606-223 a l 7 .
c 3 8 . 0534-201 a l8 .
c3 9 . 0557-16 a l 9 .
c 4 0 . 0537-158 a20.
c 4 1 . 0602-31 a 2 1 .
c 4 2 . 0906+015
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Table 5: Source List (continued)
No.(C) Name No.(A)
c 4 3 . 0922+005
c44. 0922+14 a41.
c 4 5 . 0926+11
c 4 6 . 0932+02
c47. 0957+00
c 4 8 . 0919-260 a42.
c 4 9 . 0902-256 a 4 3 .
cSO. 0915-213 a44.
c51. 1004-217 a 4 5 .
c 5 2 . 1009-321 a46.
cS 3 . 0953+254 a 4 7 .
c 5 4 . 0952+097 a 4 8 .
c 5 5 . 1022+194 a 4 9 .
c 5 6 . 1020+191 a50.
c 5 7 . 1004+13 a51 .
c 5 8 . 0952+35 a 5 2 .
c 5 9 . 1055+018 a 5 3 .
c 6 0 . 1012+022 a54.
c 6 1 . 1004-018
c 6 2 . 1023+06
c 6 3 . 1021-00
c 6 4 . 1038+064 a 5 5 .
c 6 5 . 1049-09 a 5 6 .
c 6 6 . 1047+09
c 6 7 . 1058+10 a 6 0 . 1058+11
c 6 8 . 1057+05W a57.
c 6 9 . 1040+123 a 5 8 .
c70. 1046+053 a59.
c 7 1. 1104+058 a 6 1 .
c 7 2 . 1103-006 a62.
c 7 3 . 1111+149 a 6 3 .
c 7 4 . 1104+16
c 7 5 . 1116+12
c 7 6 . 1118+128 a64.
c 7 7 . 1130+106 a65.
c 7 8 . 1110-217 a 6 6 .
c 7 9 . 1050-184 a 6 7 .
c80. 1202-262 a 6 8 .
c 8 1 . 1156-221 a 6 9 .
c 8 2 . 1148-171 a 7 0 .
c 8 3 . 1136-135 a71.
c 8 4 . 1222+037 a 7 2 .
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Table 5: Source List (continued)
No.(C) Name No.(A)
c85. 1158+007 a73.
c 8 6 . 1146-037
c 8 7 . 1148-00
c8 8 . 1159-036 a74.
c 8 9 . 1201-026 a75.
c 9 0 . 1200-051 a76.
c 9 1 . 1203+011 a77.
c92. 1203+109 a 7 8 .
c 9 3 . 1210+133 a79.
c94. 1216-010 a80.
c 9 5 . 1205-008 a81.
c 9 6 . 1217+023 a 8 2 . 1217+02
c 9 7 . 1229-021 a83.
c 9 8 . 1225-02W a84.
c 9 9 . 1226+023
clOO. 1302-035
c l O l . 1215+113 a 8 5 .
C102. 4018.34(1221+186) a86.
c l 0 3 . 1241+16
c l 0 4 . 1222+216
c l 0 5 . 30286(1328+307) a88. 1328+307
c l 0 6 . 1345+125 a89.
c l 0 7 . 1307+12w(1307+121) a90.
c l 0 8 . 1308+18
c l 0 9 . 1318+11
c l lO . 30281(1305+069) a 9 1 .
c l l l . 1328-034 a92.
c l l 2 . 1331+025 a93.
c l l 3 . 1335+023 a94.
c l l 4 . 1337-000 a95.
c l l 5 . 1337-013 a 9 6 .
c l l 6 . 1351+021 a 9 7 .
c l l 7 . 1354+19
c l l 8 . 1402-012
c l l 9 . 1356+022 a 9 8 .
c l 2 0 . 1349+02W a 9 9 .
c l2 1 . 1407+02w(1407+121) alOO.
c l 2 2 . 30298.0(1416+067) a l O l .
c l 2 3 . 1400+162
c l 2 4 . 1232-249 a l 0 3 .
c l2 5 . 1240-294
c l 2 6 . 1244-255
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Table 5: Source List (continued)
No.(C) Name No.(A)
c i2 7 . 1328-263
c l 2 8 . 1313-333 a l0 2 .
c l 2 9 . 1349-145 a l0 7 .
c l3 0 . 1302-102
c l3 1 . 1317-005
c l3 2 . 1335-061
c l 3 3 . 1327-214
c l3 4 . 1327-206
c l 3 5 . 1352-104
c l3 6 . 1352-204(1352-203) a l0 4 .
c l 3 7 . 1354-176 a l0 5 .
c i3 8 . 1403-085 a l0 6 .
c l 3 9 . 1424-118 a l0 8 .
c l4 0 . 1405-287 a l0 9 .
c l 4 1 . 1430-178 a llO .
c l 4 2 . 1434-076 a l l l .
c l 4 3 . 1453-109 a l l 2 .
c l4 4 . 1454-06 a l l 3 .
c l 4 5 . 1452-217 a l l 4 .
c l 4 6 . 1442+101 a l l 5 .
c l 4 7 . 1449-012 a l l 6 .
c l 4 8 . 1451+09 a l l 7 .
c l 4 9 . 1433+17
c l 5 0 . 1502+036
c l 5 1 . 1508+18
c l 5 2 . 1509+15
c l 5 3 . 1530+137 a l l 8 .
c l 5 4 . 1555+001 a l l 9 .
c l 5 5 . 1542+042 a l2 0 .
c l 5 6 . 1538+14(1538+149)
c l 5 7 . 1608+113
c l 5 8 . 1548+11
c l5 9 . 1546+027
c l 6 0 . 1602-002
c l 6 1 . 1615+029
c l 6 2 . 1607+268 a l 2 1 .
c l 6 3 . 4018.45(1547+187) a l2 2 .
c l6 4 . 1606+180 a l 2 3 .
c l 6 5 . 1618+17
c l 6 6 . 1628+363
c l 6 7 . 1622+158 a ! 2 4 .
c l 6 8 . 1629+12
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Table 5: Source List (continued)
No.(C) Name No.(A)
c ! 6 9 . 1714+219 a l2 5 .
c l7 0 . 1705+188 a l2 6 .
c l 7 1 . 1700+17(1700+180) a l2 7 .  1700+180
c l7 2 . 1657+265
c l7 3 . 1742+279(1741+279)
c l 7 4 . 1702+29(1702+298) a l2 8 .
c l 7 5 . 1732+16(1732+160)
c l 7 6 . 1739+18
c l7 7 . 2008-068 a l2 9 .
c l 7 8 . 2002-185 a l3 0 .
c l 7 9 . 2024-217 a l 3 1 .
c l8 0 . 30407(2005-044) a l 3 2 .
c l 8 1 . 30411(2019+098) a l3 3 .
c l 8 2 . 2121+053 a l3 4 .
c l 8 3 . 2059+034
c l 8 4 . 2131-021
c l 8 5 . 2134+004
c l 8 6 . 30432(2120+168) a l 3 5 .
c l 8 7 . 3C434NHB(2120+155) a l 3 6 .
c l 8 8 . 4017.87(2131+175) a l3 7 .
c l 8 9 . 2128+08 a l3 8 .
c l 9 0 . 2145+06(2145+067)
c l 9 1 . 2150+05
c l 9 2 . 2158+10
c l 9 3 . 2149+069 a l 3 9 .
c l9 4 . 2209+080 a l4 0 .
c l 9 5 . 2140-048 a l4 1 .
c l 9 6 . 2207+020 a l4 2 .
c l 9 7 . 2216-03
c l 9 8 . 2239+096
c l 9 9 . 2222+05
c 2 0 0 . 2230+11(2230+114)
c 2 0 1 . 2247+14
c202. 2248+19
c203. 2249+18
c 2 0 4 . 2251+15(2251+158)
c 2 0 5 . 2251+13(2251+134)
c 2 0 6 . 2328+107 a l4 3 .
c 2 0 7 . 2223+210 a l4 4 .
c 2 0 8 . 2251+113 a l 4 5 .
c 2 0 9 . 2254+024 a l 4 6 .
c210. 2256+017 a l4 7 .
Table 5: Source List (continued)
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No.(C) Name No.(A)
c211. 2314+160 a l 4 8 .
c212. 2308+09
c213 . 2305+187 a l4 9 .
c214. 2318+02 a l5 0 .
C215. 2320+079 a l5 2 .
c 2 1 6 . 2332-017 a l 5 3 .
c 2 1 7 . 2356+196 a l5 6 .
c 2 1 8 . 2320-035
c 2 1 9 . 2335-027
c 2 2 0 . 2314-116 a l 5 1 .
c 2 2 1 . 2351-006 a l5 4 .
c222 . 2340-036 a l5 5 .
c223. 0130-171 a l 7 5 .
c224. 0113-201 a l7 6 .
c 2 2 5 . 0123-226 a l7 7 .
c 2 2 6 . 0148-202 a l7 8 .
c 2 2 7 . 0159-200 a l7 9 .
c 2 2 8 . 0215-16(0215-167) a l8 0 .
c2 2 9 . 0155-109 a l 8 1 .
c 2 3 0 . 0202+319 a l8 3 .
a l8 4 .  0154+31A(0154+316)
c2 3 1 . 3068.1(0229+341) a l 8 5 .
c 2 3 2 . 0158+18 a l 8 6 .
c 2 3 3 . 3048(0134+329) a l8 2 .
c 2 3 4 . 0056-001 a l 5 7 .
c 2 3 5 . 0003+15(0003+158) a l 5 8 .
c 2 3 6 . 302 .0 (0003-003 ) a l 5 9 .
c 2 3 7 . 4008.04(0033+081) a l6 0 .
c 2 3 8 . 0115+027 a l 6 1 .
c 2 3 9 . 4009.01(0033+098) a l6 2 .
c 2 4 0 . 0112-017
c 2 4 1 . 0118+034 a l6 3 .
c 2 4 2 . 0044+030 a l6 4 .
c 2 4 3 . 0038-019 a l6 5 .
c 2 4 4 . 0045-00
c2 4 5 . 0103-021 a l 6 6 .
c 2 4 6 . 0105-008 a l6 7 .
c2 4 7 . 0106+01
c2 4 8 . 0041+001 a l 6 8 .
c2 4 9 . 0006+014 a l6 9 .
c 2 5 0 . 0038-020
c251. 0054+144 a l 7 0 .
c2S 2 . 0100+099 a l 7 1 .
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Table 5: Source List (continued)
No.(C) Name No.(A)
c253. 0122-00
c254. 0137+012 a l7 2 .
c2 5 5 . 0157+011 a l7 3 .
c256 . 3057(0159-117) a l7 4 .
c2S7. 30138(0518+165)
c 2 5 8 . 0742+103 a22.
c 2 5 9 . 0657+176 a23.
c 2 6 0 . 30175.0(0710+118) a24.
c2 6 1 . 30181(0725+147) a25.
c 2 6 2 . 0741+169 a26.
c2 6 3 . 0802+10
c2 6 4 . 0805+05
c2 6 5 . 0830+112 a27.
c2 6 6 . 0839+187 a34.
c2 6 7 . 30197(0814+227) a35.
c 2 6 8 . 4019.30(0827+193) a 3 6 .
c269 . 4019.31(0836+195) a37.
c2 7 0 . 0843+13(0843+136)
c2 7 1 . 30207(0838+133 ) a38.
c2 7 2 . 0846+09(0846+100)
c2 7 3 . LB9013(0856+170) a 3 9 .
c 2 7 4 . 30208(0850+140) a 4 0 .
c 2 7 5 . 0903+16(0903+169)
c 2 7 6 . 0823+033 a 2 8 .
c 2 7 7 . 0828-03W a29.
c 2 7 8 . 0845-051 a30.
c 2 7 9 . 0907-023 a 3 1 .
c 2 8 0 . 4005.38(0911+053) a32.
c 2 8 1 . 0913-025 a33.
137
A p p en d ix  C 
T ape O p eration  D escrip tion s
C .l T C O P Y , D D , and M T
Tcopy can be used to scan a tape and display information about the
sizes of the records and of each tape file.
'/,tcopy /dev/rstl > tcopy.output
The above command displays information on an 8 mm tape. The tape drive
name is specified as /dev/rstl, and the tape will rewind automatically
after operation. The output is redirected to a file in order to check 
later on.
To look at the output, enter
'/.more tcopy.output
The output looks like the following:
file 1: records 1 to 156: size 2880
file 1: eof after 156 records: 449280 bytes
file 2: records 1 to 123: size 2880
file 2: eof after 123 records: 354240 bytes
eot
total length: 4599360 bytes
MT sends commands to a magnetic tape drive. Some of its commands 
are listed below:
fsf: Forward space over count EOF marks. The tape is positioned on the 
first block of the file, 
eom: Space to the end of recorded media on the tape. This is useful for 
appending files onto previously written tapes, 
rewind: rewind the tape.
DD reads files from or writes files onto tapes. Some of its options are
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listed below:
if=name: Input file is taken from name 
of=name: Output file is taken from name 
bs=n: Set both input and output block size
Combined usage of MT and DD:
To read only one file from tape then rewind, if the file is the #1 file 
on the tape, use:
'/,dd if=/dev/rsti of=filename bs=2880
If the file is the #n file, first skip (n-1) files, then read this file:
'/,mt -f /dev/nrstl fsf n-1
*/,dd if=/dev/rstl of=filename bs=2880 (for the FITS file)
To write only one file onto a empty tape:
'/,dd if=filename of=/dev/rstl bs=2880
To append a file onto a written tape:
'/,mt -f /dev/nrstl eom
'/,dd if=filename of=/dev/rstl bs=2880
Note: if the tape drive name is specified as "/dev/nrstl", then the 
tape will NOT rewind after tape operation. This is useful when 
reading or writing more than one files. After all operations are 
done, an explicit command must be used to rewind the tape:
'/,mt -f /dev/nrstl rewind
Since the tape operations are very time-consuming, we can read or write 
a number of files at a time by using a C-shell script file as following:
readscript:
dd if=/dev/nrstl of=file.l bs=2880 
dd if=/dev/nrstl of=file.2 bs=2880 
dd if=/dev/nrstl of=file.3 bs=2880 
dd if=/dev/nrstl of=file.4 bs=2880
writescript:
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dd if=file.l of=/dev/nrstl bs=2880 
dd if=file.2 of=/dev/nrstl bs=2880 
dd if=file.3 of=/dev/nrstl bs=2880 
dd if=file.4 of=/dev/nrstl bs=2880
then execute the C-shell script by using the following command: 
'/,csh script
C.2 U V LO D , IM LO D, and F IT T P
Suppose that FITS files are in a directory $FITS (/home/aips/FITS 
on the Sun) or $fits (/usr/tmp/hintzen/aips/fits on the Cray).












The parameter "douvcomp" is set to -1 so that the output data 
will be written in uncompressed format which can be processed by 
tasks such as ASCAL, MX, etc.. "outseq=0" will assign a 
highest unique sequence number to the output UV file while 











The cataloged maps and final uv-files were written as FITS files 
by using AIPS task FITTP before they were written onto tapes.
Usage of FITTP:
>task ’fittp’





here "donewtab"=2 means that AIPS will do FITS ASCII table.
This is especially necessary for the Cray version of AIPS since 
the default value 1 (new FITS binary table) can not work well 
for CC Table (CLEAN component table).
C.3 P recise D escription  of Tape W riting
Note: all files (including DBCONs, ASCALs, ICLNs, and PBCORs) were written 
in order of tape sequence number. Refer to the Source List sorted in tape sequence 
number.
Tape 1 and 2: v5528 A array 6 cm 192 ASCAL files and 192 DBCON 
files
After FITTP, we want to save all A array ASCAL files
(in name aascal.*) and all A array DBCON files (in name adbcon.*)
onto tape 1 and 2.
Move all necessary files under one directory, generate 
a written script by using a program in C language:
/* auv.c
tape 1 and 2: v5528 A array 6 cm 192 ASCAL files and 192 DBCON 
files */
#include <stdio.h> 




printfO'dd if=aascal.'/.d of=/dev/nrstl bs=2880\n" , i) ;
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for(i=l;i<=192;i++)
printf("dd if=adbcon.'/,d of=/dev/nrstl bs=2880\n",i);
>
To obtain the executable file, compile the above C program and get 
executable file a.out by using
'/.cc auv.c
To obtain the desired written script "auv", use 
'/.a.out > auv 
"auv" will look like this:
dd if=aascal.l of=/dev/nrstl bs=2880
dd if=aascal.192 of=/dev/nrstl bs=2880 
dd if=adbcon.l of=/dev/nrstl bs=2880
dd if=adbcon.192 of=/dev/nrstl bs=2880 
Modify the last line of the above file like this: 
dd if=adbcon.192 of=/dev/rstl bs=2880 
so that the tape will rewind automatically after finishing writing. 
To actually write the files onto tape, use 
7,csh auv
Note: AIPS task MX "ABORTed" with the 0317-02.DBCON.1.
The #5 file and #197 file on tape 1 and 2 are 0317-02.DBCON.1.
Tape 3 and 4: v5528 A array 6 cm 192 ICLN maps and 2 PBCOR maps
/* aicln.c






printfO'dd if=aicln.'/,d of=/dev/nrstl bs=2880\n", i);
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>
Note: #5 file on tape 3 and 4 is 0317-02.DBCON.1.
In addition to the 192 ICLN maps, two PBCORed maps were also 
written on tape 3 and 4. They are 0100+099.PBCOR.1 (#193) and 
1542+042.PBCOR.1 (#194) since these two sources were off tracking 
center by 4.4 arcmin and 5.8 arcmin.
Tape 5 and 6: v5534 C array 6 cm 281 ASCAL files and 281 DBCON files 
/* cuv.c
tape 5 and 6: v5534 C array 6 cm 281 ASCAL files and 281 DBCON 
files */
#include <stdio.h> 
ma i n O
int i;
for(i=l;i<=281;i++)
printfO'dd if=cascal.'/,d of=/dev/nrstl bs=2880\n", i); 
for(i=l;i<=2 8 1;i++)
printfO'dd if=cdbcon.'/,d of=/dev/nrstl bs=2880\n", i);
}
Tape 7 and 8: v5534 C array 6cm 281 ICLN maps 
/♦cicln.c






printfO'dd if=cicln.'/,d of=/dev/nrstl bs=2880\n", i);
>
Tape 9 and 10: v5534 C array 6cm 281 PBCOR maps 
/*cpbcor.c







printfO'dd if=cpbcor.'/,d of=/dev/nrstl bs=2880\n", i);
}
C.4 P recise D escription  of Tape R eading and Checking
If we want to extract all the C array PBCOR maps 
from tape, the C program can be written as following:
/♦readcpbcor.c
read from tape 9 or 10: v5528 C array 6 cm 281 PBCOR files */ 
#include <stdio.h> 




printfO'dd if=/dev/nrstl of=cpbcor .'/,d bs=2880\n" , i) ;
>
To check whether the files were written correctly, read the first and the last file 
from the tape using ”dd” and ”m t” , and load them to the AIPS disk using ’’imlod” , 
look at them using ’’tvlod” .
For example, we want to check tape 9 and 10, we can use
1) dd if=/dev/nrstl of=tmp.l bs=2880
2) mt -f /dev/nrstl fsf 279







6) aips new 
>task ’imlod’;






A p p en d ix  D  
Sun A IP S  In sta lla tio n  M anual
For th e  15A PR 91 R elease
The installation is on “GALILEO”, a SPARC station 370 with SunOS 4.1.1 and 
FORTRAN 1.4. We reconfigured the kernel to disable the TMPFS (temporary file 
system) option. We did this in order to eliminate the incorrect initialization of the 
FORTRAN Compiler to some LOGICAL variables.
The AIPS TV server is SSS (Sun View Screen Server). The AIPS TV server allow 
a window on a workstation screen to be used as an AIPS TV by an AIPS running on 
the workstation.
The AIPS installation consists of four major steps: INSTEP1, 2, 3 and 4. Refer­
ences include (1) AIPS UNIX INSTALLATION SUMMARY (hereafter “Summary”), 
For the 15APR91 Release, Edited by Patrick P. Murphy, (2) The AIPS Unix Porting 
Reference Manual, Version 15APR91, Patrick P. Murphy, (3) An Overview of the 
AIPS TV Servers , AIPS MEMO No. 66, by Chris Flatters, (4) AIPS DDT History, 
AIPS MEMO No. 73, by Glen Langston.
Note: the AIPS Cray version 15APR91 was installed by Dr. Kerry Hilldrup. The 
AIPS TV server is XAS (X Window System AIPS Server). XAS allows popping up 
the AIPS TV window on a DEC or SPARC workstation with color monitor while 
running the AIPS on the Cray Y-MP 2/216.
IN ST E P  1
1. Open an aips account.
Check disk capacity using:
galileo'/, df
and make sure there is enough disk space (>320Mbytes). Ask the system ad­
ministrator to open an aips account.
2. Unload the tape
The aips source code is recorded on an Exabyte tape. Push the button to open 
the lid on the tape drive, put the tape inside according to the mark = >  on the 





galileo'/, cd 15APR91 
galileo'/, tar xvf /dev/rstl
Usually, /dev/rstO is for 1/4” tape, /d ev /rs tl  for 8mm exatype. You can try or 
ask you administrator.
If right, there will be a long listing of files being extracted from the tape. This 
will take about 20 minutes.
3. Changing the file LOGIN.CSH 
See Summary 3.2
4. Changing the .login file and .cshrc file
This section is very important because it will build the necessary environment.
Look at .login file in /home/aips directory, at first it may look like
if C"‘tty‘" != "/dev/console") exit
echo -n "SunView? (Control-C to interrupt) "
sleep 5
sunview
Modify it as following:




#echo -n "SunView? (Control-C to interrupt) "
#sleep 5
sunview
Look at the .cshrc file, and it may look like
# set up search path
set lpath = ( ) # add directories for local commands 
set path = (/usr/lang . ~ “/bin $lpath /usr/local /usr/ucb \ 
/usr/bin /usr/etc /usr/local/frame/bin \ 
/usr/local/idl/bin) 
setenv MANPATH /usr/lang/man:/usr/man
where the /usr/la.ng in path and /usr/lang/m an in MANPATH are used for 
running FORTRAN.
Modify path as following:
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set path = C/usr/lang . " '/bin $lpath /usr/local /usr/ucb \ 
/usr/bin /usr/etc /usr/local/frame/bin /usr/local/idl/bin \ 
/home/aips/15APR91/SYSTEH/UNIX/L0CAL)
Since SunView only accepts the path in .cshrc and ignores the modification of 
PATH in LOGIN.CSH, therefore adding the aips search path to .cshrc is vital 
for correct running of INSTEP2.
5. Changing the CDVER.CSH file
Among the three Y, Q and Z LOCALs, we only need ZLOCAL.
galileo'/, cd $APLSUN 
galileo'/, mkdir LOCAL
galileo'/, cd $SYSL0CAL 
galileo'/, vi CDVER.CSH
Add





6. Make Data Directories
Aips needs at least two data disks: DAOO and DA01. But for convenience, we 
can define more disks as following:
galileo’/, cd $XXX 
galileo'/, mkdir DAOO 
galileo'/, mkdir DA01 
galileo'/, mkdir DA02 
galileo'/, mkdir DA03 
galileo'/, mkdir DA04 
galileo'/, mkdir DA05 
galileo'/, mkdir DA06 
galileo'/, chmod 777 DAO*
7. Modify the SSYSLOCAL/ASSNLOCAL.CSH as well as ASSNLOCAL.SH 
What I actually did are the following things:
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Define DAO* and comment out /scr/DA04
Define MTOO as /dev/rstl and comment out /dev/rmtxx and 
MT01,2,3 Comment out RESSTT1,2, TASKTT1,2 and TEKTK1,2 
since we only have one terminal which serves both as 
massage terminal and as TV. Define TVDEV1 as 
/tmp/aips-screen and comment /dev/iis
Finally the ASSNLOCAL.CSH looks like
#
setenv DAOO $AIPS_ROOT/DAOO 
setenv DA01 $AIPS_ROOT/DA01 
setenv DA02 $AIPS_ROOT/DA02 
setenv DA03 $AIPS_R00T/DAO3 
setenv DA04 $AIPS_ROOT/DA04 
setenv DA05 $AIPS_R00T/DAO5 
setenv DA06 $AIPS_R00T/DAO6 
i tsetenv DA04 /scr/DA04 
it 
it
if (! $?MTOO) then 
it setenv MTOO /dev/rmtxx 
setenv MTOO /dev/rstl 
end if
#if (! $?MT01) then ' 
it setenv MT01 /dev/rmtxx 
it endif
#if (! $?MT02) then 
it setenv MT02 /dev/rmtxx 
it endif
#if (! $?MT03) then




setenv TASKTTO ‘tty‘ 
it
#







"Define AIPS data areas."
"Define AIPS magnetic tape" 
"devices."
"Define default task message" 
"terminal as control terminal."
"Define terminals reserved for" 
"AlPSn (if any)."
"Define AlPSn task message" 
"terminals (if any). These are" 
"usually associated with" 
"reserved terminals, but not" 
"necessarily."
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"Define AlPSn Tektronix" 
"4010/4012 compatible" 
"terminal (if any)."




"Define AlPSn TV display" 
"device (if any)."




"Define batch AIPS error" 
"file/terminal."
setenv BATCH_0UT /dev/console 
#
setenv LPRNTR /tmp 
# "Define plotter device."
"Define line printer device."
setenv PLOTTER /tmp
8. Site-specific things
galileo*/, cd $SYSUNIX 
galileo'/, cp SUN/* LOCAL
There will be some rewriting, just let it go.
galileo*/, cd $SYSL0CAL 
galileo'/, vi LIBR.DAT
Modify the line
$LIBR/APLSUN/SUBLIB:0: (Your ZLOCAL area )
$LIBR/APLSUN/SUBLIB:0:$ZL0CAL
9. Edit the option files
It is very important to make the three option files FCOPTS.SH, CCOPTS.SH 
and LDOPTS.SII have consistent options.
Modify SSYSLOCAL/FCOPTS.SH, CCOPTS.SH and LDOPTS.SH like this:
as
FCOPTS.SH: COMP = "-v -u -w -c $DEBUG"
CCOPTS.SH: COMP = "-v -c $DEBUG"
LDOPTS.SH: LINK = "$DEBUG"
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Here we turn DEBUG on in order that we can debug the programs if necessary. 
We avoid to use optimization. We also set PURGE = FALSE to delete all the 
.o files.




We only need to modify two files ZTPCL2.C and ZABORS.C in 8ZLOCAL.
IN ST E P 2
1. SSS: The SunView Screen Server
Because we are running SunView, so we need to use SSS. We do not need 
TVMON.




• Modify the LIBR.DAT
galileo*/. cd $SYSL0CAL 
galileo*/, vi LIBR.DAT




AIPS stand alone program source code search paths and link libraries:
• Build the screen server
galileo*/, cd \$YSERV 
galileo'/, sh SSS.SHR 
galileo'/, make
’’make” will generate a file ”sss” and move it to SLOAD as SSS.
• Build a shell script to start the server
For SUN, SSYSLOCAL/AIPS startup script assumes we will use SSS, and 
it calls the AIPSSS script to start up the SSS and TVMON. Since we don’t
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use TVMON, we need to modify AIPSSS to comment out the section for 
starting up the TVMON.
2. Starting the compilation
galileo'/, cd $INSUNIX 
galileo'/, INSTEP2
INSTEP2 script first checks whether the SLIBR is defined, if not it will aborts. 
Then it creates any necessary binary file directories. Then it grinds away on 
mass compilation of subroutines via MAKEAT to generate source code path­
name list and via COMRPL for compilation and via LIBR to generate object 
libraries. Totally it will create ten object libraries. Since there are many sub­
routines to be compiled and linked, INSTEP2 will take about 4 hours.
If INSTEP2 aborts for any reasons, you can always check INSTEP2.LOG file. 
Correct environment is crucial toINSTEP2, otherwise, it will not find MAKEAT, 
COMRPL and LIBR (in SSYSUNIX).
Some errors and ways to fix them are listed below:
• If it fails because
INSTEP2: LIBR: not found 
INSTEP2: Aborts!
The way to fix it is to re-build the environment by typing
galileo'/. $CDNEW 
galileo'/, INSTEP2
• If INSTEP2 fails because
INSTEP2: Failure in $APLGEN/...
INSTEP2: compilations.
INSTEP2: Aborts!
The way to fix it is to copy the two .o files in SZLOCAL to their corre­
sponding sublibrary directory S'LIBR/APLSUN
galileo'/, cd $ZL0CAL 
galileo'/. cp *.o $LIBR/APLSUN 
galileo'/, cd $INSUNIX 
galileo'/. INSTEP2
IN ST E P3
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1. INSTEP3 first checks if SLIBR is defined, then creates subset list of programs 
to compile/link INSTEP3.LIS in which there are about 23 programs. Then 
it begins compilation/linkage of those programs via COMLNK. INSTEP3 will 
take about 18 minutes.
galileo'/, cd $INSUNIX 
galileo'/, INSTEP3
After INSTEP3 ends, we need to run FILAIP, POPSGN, SETPAR and SETTVP.
2. galileo'/, RUN FILAIP
#disks, # cat entries/disk (<0 => private catlogs) (2 I)
6 -1 0 0
#interactive AIPS, # batch queues (2 I)
2 2




Image device No. 1 #grey, #graph, #img/gray, #ISUs (4 I)
2 4 256 0
We have 6 disks(DA01 to DA06), and want to have 100 private catalog entries. 
We only have 1 TV device and one tape drive. The image device parameters for 
SSS are 2 gray-scale planes, 4 graphics overlay planes, 256 gray or color levels 
per image plane, and 0 image storage units.
3. galileo'/, RUN POPSGN
Enter Npopsl, Npops2, Idebug, Mname, Version! 3 I ’s, 2 A ’s)
1 5 0 POPSDAT NEW 
>
P0PSG1: Popsgen complete
P0PSG1: UNKNOW 15APR91 TST:.......
STOP
Here since we have 2 interactive AIPS and 2 batch queues, FILAIP created 5 
memory files, therefore Npopsl = 1 and Npops2 = 5.
’’UNKNOW ...” does not matter. We can modify it in next step.
4. galileo'/, RUN SETPAR
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Enter: l=Start Over, 2=Change parameters, 3=Change DEVTAB, 
4=Quit
2
Enter number to change or 0 = print, -1 = Return 
19
UNLV
Enter number to change or 0 = print, -1 = Return
29
192
Enter number to change or 0 = print, -1 = Return 
33
5. galileo’/. RUN SETTVP
Since the default values are all OK, we do not need to modify them.
At this time, we can practice with AIPS and run DDT (Dirty Dozen Test) to 
see if AIPS can work normally.








The catalog should be empty.
7. DDT test
• get DDT files via ftp and uncompress them
The DDT files can be obtained in two ways: one way is to order the tape 
from Ernie Allen in NRAO, another way , also a quick way, is to transfer 
the small DDT files via ftp from a machine in NRAO to the directory 
/home/aips/fits. The small DDT files include 11 FITS files. We need to 
uncompress those files with suffix ’’.FITS.Z” via
galileo'/, uncompress DDDTSUVDATA.FITS.Z
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galileo'/, uncompress MDDTSASCAL.FITS.Z 
galileo'/, uncompress MDDTSMXCLN.FITS.Z 
galileo'/, uncompress HDDTSUVSRT.FITS.Z 
galileo'/, uncompress MDDTSVTESS. FITS. Z
Then all the suffixes are changed as ’’.FITS” .
• Load the files into AIPS disks via “uvlod” and “imlod”
There are two types of files: 3 UV files and 8 image files. AIPS task 
“uvlod” is for loading uv files and “imlod” for the latter.





>outname ’ ’ (necessary)




















Right now the catalog is no longer empty.
















IN ST E P4
galileo'/, cd $INSUNIX 
galileo'/, INSTEP4
INSTEP4 compiles/links all other programs and will take over 4 hours.
Problem  about the T V  D ISPLA Y










Although the SSS was running and the AIPS TV window was right there, but 
nothing can show up on the AIPS TV, all the responses were just the same ”TV 
PROBLEM”.
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We debugged the AIPS via 
g a l i le o ’/, a ip s  debug
Enter command name of debugger desired (e.g.,adb): dbxtool 
Run AIPS itself under the control of the debugger (y/n): y
then the /usr/lang/dbxtool_sv window showed up.
The task we tested was
>indi 3;getn lljtvall
We traced the error as following:
AIPS/PGM/AIPS.f  > GTLINE ----> INTERP(KKT(2)) ---- >
AIPS/SUB/VERBS.f ---- > AIPS/SUB/AU5.f  > Y/SUB/TVOPEN.f
 > Y/DEV/YTVOPN.f
YTVOPN.f did the two things:
1. Open a disk file and read the content, initialize some common variables such as 
YBUFF(160) in COMMON /TVCHAR/ via
CALL ZFI0(’READ’, TVLUN2, TVIND2, 1, BUF, IERR)
CALL COPY(256, BUF, NGRAY)
Notice YBUFF(9)=0; YBUFF(10)=0
2. Read in WINDTV as
WINDTV = [1] 313 [2] 143 [3] 830 [4] 660
Continue to trace
 > TVOPEN.f ---- > AU5.f ---- > Y/DEV/YSLECT.f----->
Y/DEV/YSPLIT.f
YSLECT.f calls YSPLIT.f twice
• Read values from YBUFF(9) and YBUFF(IO) to IX, IY via




• Check if IX(IY) is between 1 and MAXXTV(l) (1 and MAXXTV(2)), if YES, 
then Write the IX(IY) to YBUFF(9) , (YBUFF(IO)) via
CALL YSPLIT(’WRIT’, IX, IY, ICMS(l),ICHS(5), ICMS(9), F, IERR)
ERROR APPEARS because IX=0<1 IY=0<1 In YSPLIT.f, the script is 
like this:
SUBROUTINE YSPLIT (OP, XSPLT , YSPLT , RCHANS, GCHANS, BCHANS, 
* VRTRTC, IERR)
IF (OP.EQ.’WRIT') THEN
IF ((XSPLT.LT.i) .OR. (XSPLT.GT.MAXXTV(l))) GO TO 999 
IF ((YSPLT.LT.i) .OR. (YSPLT.GT.MAXXTV(2))) GO TO 999 
YBUFF(9) = XSPLT 
YBUFF(IO) = YSPLT
C read comes from common only
ELSE IF (OP.EQ.’READ’) THEN 
XSPLT = YBUFF(9)
YSPLT = YBUFF(IO)
* * * * * * * ** * * * * * * sjc * * * * * * * $ * $ * * * * * * * * * * * % * * * * * * * ** * * ** * $ * * $ ** * * * * *





and this will reach two effect:
-  Modify the XSPLT and YSPLT so that the TVALL works
— YBUFF is modified and recorded in the disk file and it will serve 
properly afterwards.
Note: We can use AIPS verb TVINIT to initialize the TV parameters and restore 
the TV to normal function.
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A p p en d ix  E  
C ontour M aps
In this appendix, contour maps are given for all the sources mentioned in Chapter 7. 












PLot file version 2 created 13-JUN-1992 11:37:05 
4C08.04 IPOL 4885.100 MHZ 4C08.04.ICLN.3
07 58 37 —
00 33 41.15 41.10 41.05 41.00 40.95 40.90 40.85
RIGHT ASCENSION (B1950)
Peak flux = 3.3196E-02 JY/BEAM 
Levs = 3.3196E-04 * f -1.00,1.000,1.700,














PLot file version 1 created 13-JUN-1992 11:50:40
4C09.01 IPOL 4885.100 MHZ 4C09.01.ICLN.3
09 51 32
00 33 48.5 48.4 48.3
r.
Peak flux = 1.7672E-01 JY/BEAM 
Levs = 1.7672E-03 * (-0.300, 0.300,0.600, 
1.000, 1.700, 3.000, 5.200, 9.000,15.60,















PLot file version 1 created 13-JUN-199212:10:59 






00 38 53.2 53.0 52.8 52.6 52.4 52.2 52.0
RIGHT ASCENSION IB 1950)
Peak flux = 5.5490E-02 JY/BEAM 
Levs = 5.5490E-04 * ( -1.00,1.000,1.700,





























































PLot file version 1 created 13-JUN-1992 13:45:18




01 54 21.9 21.8 21.7 21.6 21.5 21.4 21.3 21.2
BIGHT ASCENSION (B1950)
Peak flux = 2.7166E-01 JY/BEAM 
Levs = 2.7166E-03 * (-0.100, 0.100,0.300,
0.600,1.000,1.700, 3.000, 5.200, 9.000,












PLot file version 1 created 13-JUN-1992 13:17:36 
0215-16 IPOL 4885.100 MHZ 0215-16.ICLN.3
-16 44 55
45 00
0215 35.2 35.0 34.634.8 34.4 34.2 34.0
RIGHT ASCENSION (B1950) 
Peak flux = 1.4435E-01 JY/BEAM 
Levs = 1.4435E-03 * (-0.200, 0.200, 0.600,












PLot file version 4 created 09-JUN-1992 21:42:11 
0300-00 IPOL 4885.100 MHZ 0300-00.ICLN.4
-00 26 34
39.339.439 6 39 5
RIGHT ASCENSION (B1950)
39.8 39.703 no 39.9
Peak flux = 1.5629E-01 JY/BEAM 
Levs = 1.5629E-03 * (-0.300, 0.300, 0.600, 
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PLot file version 1 created 10-JUN-1992 14:01:07 
1012+022 IPOL 4885.100 MHZ 1012+022.ICLN.4
02 13 54 h -
10 12 41.2 41.1 41.0 40.9 40.8
RIGHT ASCENSION (B1950) 
Peak flux = 1.1265E-01 JY/BEAM 
Levs = 1.1265E-03 * (-0.300, 0.300, 0.600,














PLot file version 1 created 10-JUN-1992 17:52:43






11 04 41.0 40.8 40.6 40.4 40.2 40.0
RIGHT ASCENSION (B1950)
Peak flux = 3.0502E-02 JY/REAM 
Levs= 3.0502E-04 * ( -1.00,1.000,1.700,













PLot file version 1 created 10-JUN-1992 18:02:05
1130+106 IPOL 4885.100 MHZ 1130+I06.ICLN.3








11 30 24.4 24.3 24.2 24.1 24.0
RIGHT ASCENSION (B1950)
Peak flux = 1.1711E-01 JY/BEAM 
Levs = 1.1711 E-03 * (-0.300, 0.300, 0.600,













PLot file version 1 created 12-JUN-1992 20:32:51
1622+158 IPOL 4885.100 MHZ 1622+158.ICLN.3
15 5214
16 22 58.2 58.1 58.0 57.9 57.8 57.7 57.6 57.5 57.4
RIGHT ASCENSION (B1950)
Peak flux = 8.0131E-02 JY/BEAM 
Levs = 8.0131 E-04 * (-1.00,1.000,1.700,













PLot file version 1 created 12-JUN-1992 20:38:09 







17 00 41.4 41.3 41.2 41.1 41.0 40.9 40.8 40.7 40.6
RIGHT ASCENSION (B1950)
Peak flux = 1.6301E-02 JY/BEAM 
Levs = 1.6301 E-04 * f  -1.70,1.700, 3.000,
5.200, 9.000, 15.60, 27.00, 46.80, 81.00)
